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(57) ABSTRACT

The invention relates to compounds of the formula (I) in
which R1, L. and m have the meaning indicated in the claims,
and/or physiologically acceptable salts, tautomers and stere-
oisomers thereof, including mixtures thereof in all ratios.

The compounds of the formula (I) can be used for the inhibi-
tion of serine/threonine protein kinases and for the sensitiza-
tion of cancer cells to anticancer agents and/or ionizing radia-
tion. The invention also relates to the use of the compounds of
the formula () in the prophylaxis, therapy or progress control
of cancer, tumors, metastases or angiogenesis disorders, in
combination with radiotherapy and/or an anticancer agent.
The invention furthermore relates to a process for the prepa-
ration of the compounds of the formula (I) by reaction of
compounds of the formulae (II) and (III) and optionally con-
version of a base or acid of the compounds of the formula (I)
into a salt thereof.
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MORPHOLINYLBENZOTRIAZINES FOR USE
IN CANCER THERAPY

RELATED APPLICATIONS

This application is a U.S. national stage application of PCT
international application no. PCT/EP2012/004542, filed on
Oct. 30, 2012, which claims the benefit of German applica-
tion no. 102011118830.8, filed on Nov. 18, 2011.

The invention relates to compounds of the formula (I)
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in which R', L and m have the meaning indicated in the
claims, and/or physiologically acceptable salts, tautomers
and stereoisomers thereof, including mixtures thereof in all
ratios. The compounds of the formula (I) can be used for the
inhibition of serine/threonine protein kinases and for the sen-
sitisation of cancer cells to anticancer agents and/or ionising
radiation. The invention also relates to the use of the com-
pounds of the formula (I) in the prophylaxis, therapy or
progress control of cancer, tumours, metastases or angiogen-
esis disorders, in combination with radiotherapy and/or an
anticancer agent. The invention furthermore relates to a pro-
cess for the preparation of the compounds of the formula (I)
by reaction of compounds of the formulae (II) and (IIT) and
optionally conversion of a base or acid of the compounds of
the formula (I) into a salt thereof.

DNA-dependent protein kinase (DNA-PK) is a serine/
threonine protein kinase which is activated in conjunction
with DNA. Biochemical and genetic data show that DNA-PK
consists (a) of a catalytic sub-unit, which is called DNA-
PKcs, and (b) two regulatory components (Ku70 and Ku80).
In functional terms, DNA-PK is a crucial constituent on the
one hand of the repair of DNA double-strand breaks (DSBs)
and on the other hand of somatic or V(D)J recombination. In
addition, DNA-PK and its components are connected with a
multiplicity of further physiological processes, including
modulation of the chromatin structure and telomeric mainte-
nance (Smith & Jackson (1999) Genes and Dev 13: 916;
Goytisolo et al. (2001) Mol. Cell. Biol. 21: 3642; Williams et
al. (2009) Cancer Res. 69: 2100).

Human genetic material in the form of DNA is constantly
subjected to attack by reactive oxygen species (ROSs), which
are formed principally as by-products of oxidative metabo-
lism. ROSs are capable of causing DNA damage in the form
of single-strand breaks. Double-strand breaks can arise if
prior single-strand breaks occur in close proximity. In addi-
tion, single- and double-strand breaks may be caused if the
DNA replication fork encounters damaged base patterns. Fur-
thermore, exogenous influences, such as ionising radiation
(for example gamma or heavy-ion radiation), and certain
anticancer medicaments (for example bleomycin) are capable
of causing DNA double-strand breaks. DSBs may further-
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more occur as intermediates of somatic recombination, a
process which is important for the formation of a functional
immune system of all vertebrates. If DNA double-strand
breaks are not repaired or are repaired incorrectly, mutations
and/or chromosome aberrations may occur, which may con-
sequently result in cell death. In order to counter the severe
dangers resulting from DNA double-strand breaks, eukary-
otic cells have developed a number of mechanisms to repair
them. Higher eukaryotes use predominantly so-called non-
homologous end-joining (NHEJ), in which the DNA-depen-
dent protein kinase adopts the key role. Biochemical investi-
gations have shown that DNA-PK is activated most
effectively by the occurrence of DNA-DSBs. Cell lines
whose DNA-PK components have mutated and are non-func-
tional prove to be radiation-sensitive (Smith and Jackson,
1999).

Owing to its catalytic domain, which is in the C-terminal
catalytic sub-unit (DNA-PKcs), which numbers about 500
amino acids, DNA-PK belongs to the family of phosphati-
dylinositol-3-kinase-related kinases (PIKKs), where DNA-
PK is not a lipid kinase (Hartley et al. (1995) Cell 82: 849;
Smith & Jackson (1999) Genes and Dev 13: 916; Lempiainen
& Halazonetis (2009) EMBO J. 28: 3067).

The protein kinase ATM (ataxia-telangiectasia-mutated
kinase) likewise belongs to the PIKK family. Ittoo has central
importance in the recognition of DNA damage. Patients suf-
fering from ataxia telangiectasia exhibit, inter alia, increased
sensitivity to ionising radiation. (Lavin & Shiloh (1997)
Annu. Rev. Immunol. 15: 177; Rotman & Shiloh (1998)
Hum. Mol. Genet. 7: 1555).

It has been described by Izzard et al. (1999) Cancer Res.
59: 2581, that the PI3 kinase inhibitor LY 294002 inhibits the
function of DNA-PK in in-vitro experiments. The IC, value
(concentration at which 50% of the enzyme activity is inhib-
ited) is at a relatively ineffective 1.25 uM (5.0 mM ATP).
Although the evidence that the inhibitor 1Y294002 allows
mammal cells to become more radiation-sensitive, i.e. the
cytotoxicity of ionising radiation is increased, in principle
implies use in the irradiation therapy of, for example, solid
cancer tumours, only a weak increase in sensitivity to ionising
irradiation has been demonstrated for [LY294002 in cellular
terms (Rosenzweig et al. (1999) Clin. Cancer Res. 3: 1149).
KuDOS Pharmaceuticals Ltd. have optimised the lead struc-
ture [Y294002 and presented various DNA-PK inhibitors.
The introduction of a dibenzothiophenyl group led to the
inhibitor NU-7441, an ATP-competitive compound having an
1C,, value of 20.0 nM (Hardcastle et al. (2005) J. Med. Chem.
48: 7829). KU-0060648 combines inhibitory properties with
respect to DNA-PK with an improved solubility profile in
aqueous medium, but the kinases of the PI3K isoenzyme
family are likewise potently inhibited by KU-0060648. The
long-existing need for a potent and selective DNA-PK inhibi-
tor has consequently not been satisfied to date.

The invention is based on the object of overcoming the
disadvantages indicated in the prior art and of developing
effective inhibitors of DNA-PK which are selective with
respect to the related kinases of the PIKK family and are of
low molecular size and, in particular, enable effective appli-
cation in cancer therapy as radio- and chemosensitisers—
with the aim of improving the therapeutic efficacy with a
simultaneous reduction in side effects.

The object of the invention is achieved in accordance with
the independent claims. The sub-claims contain preferred
embodiments. In accordance with the invention, compounds
of the formula (I) are provided
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in which

R! denotes Het! or Ar;

R?, R?, independently of one another, denote Y or OY, or
together also denote —O—(CH,),—;

R* denotes A or (CH,),0A;

L denotes —CR?*R>*—, a single bond, —(CH,),—, —CH
(Hal)-, —C(Hal),-,—(CH,), CH(OY)—, —(CH,), CO—,

—(CH),NH—, —(CH,),CONY,—, —NYCO—,
~NHCO-NH—, —NR*CO—, —NYSO,,
—C(=NR*—, —C(=NCN)—, —CY(NY,)—, —CY

(CN)—, —CY(0O—(CH,),,CN)—, —CY(Het*)- or —CY
(O—(CH,),Het)-;

Y denotes Hor A;

A denotes unbranched or branched alkyl having 1-10 C
atoms, in which, independently of one another, 1-7 H
atoms may be replaced by Hal;

Cyc denotes cyclic alkyl having 3-7 C atoms, in which, inde-
pendently of one another, 1-4 H atoms may be replaced by
Hal;

Ar denotes phenyl which is unsubstituted or mono- or disub-
stituted by Hal, (CH,),0Y, R?, (CH,),OR* COOY, NY.,
NYCOY and/or CN;

Het' denotes mono- or bicyclic heteroaryl having 2-9 C atoms
and 1-4 N, O and/or S atoms, which may be unsubstituted
or mono- or disubstituted by Hal, (CH,),0Y, R%, (CHy),
OR*, —0, COOY, NY,, NYCOY, CONY,, Cyc, Het® and/
or CN;

Het? denotes a monocyclic saturated heterocycle having 2-7
C atoms and 1-4 N, O and/or S atoms, which may be
unsubstituted or monosubstituted by A;

Hal denotes F, Cl, Bror I,

m denotes 0, 1 or 2; and

n, p, independently of one another, denote 0, 1, 2, 3,4 or 5,

and/or physiologically acceptable salts, tautomers and/or ste-

reoisomers thereof, including mixtures thereof in all ratios.

Surprisingly, it has been found that the compounds accord-
ing to the invention are provided with inhibiting properties for
serine/threonine protein kinases. The compounds of the for-
mula (I) are designed in such a way, through their core struc-
ture of morpholinylbenzotriazine, to which a piperidine sub-
stitution, which may in turn be substituted by a heteroaryl or
aryl, is preferably attached, that potent and selective inhibi-
tion of DNA-PK occurs. The compounds according to the
invention thus open up entirely new possibilities with respect
to the anticarcinogenic action of anticancer agents. Remark-
ably, the compounds of the formula (I) play a therapeutic role
as radio- and chemosensitisers in the treatment of cancer.

To date, it is merely known from WO 1992/07844 that
2,4-diaminoquinazoline derivatives are enhancers of chemo-
therapeutic agents in the treatment of cancer. The derivatives
address the multiple resistance of tumour cells as a conse-
quence of overexpression of the mdrl gene, whose gene
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product of an efflux P glycoprotein pump keeps the intracel-
Iular active-compound concentration low. Neither are physi-
cochemical or pharmacological data disclosed, nor is a mar-
keted medicament is known. By contrast, the present
invention reveals that specifically compounds of the formula
(D) are capable of the specific inhibition of serine/threonine
protein kinases, such as DNA-PK. The compounds according
to the invention and salts thereof consequently have valuable
pharmacological properties while at the same time being well
tolerated.

For the purposes of the invention, the compounds of the
formula (I) are defined in such a way that they are also taken
to mean pharmaceutically usable derivatives, salts, hydrates,
solvates, precursors of the compounds, tautomers and opti-
cally active forms (such as, for example, stereoisomers, dias-
tereomers, enantiomers, racemates). Solvates of the com-
pounds are taken to mean adductions of inert solvent
molecules onto the compounds, which form owing to their
mutual attractive force. Solvates are, for example, mono- or
dihydrates or alcoholates. Pharmaceutically usable deriva-
tives are taken to mean, for example, the salts of the com-
pounds according to the invention and so-called precursors of
the compounds. Precursors are taken to mean, for example,
compounds of the formula (I) modified by means of alkyl or
acyl groups, sugars or oligopeptides, which are rapidly
cleaved in the organism to give the effective compounds
according to the invention. These also include biodegradable
polymer derivatives of the compounds according to the inven-
tion, as described, for example, in Int. J. Pharm. 115, 61-67
(1995). Any compound which can be converted in vivo into a
bioactive agent, i.e. compounds of the formula (1), is a pre-
cursor in the sense of this invention. Any biologically active
compound which results from the in-vivo metabolisation of a
compound according to the invention is a metabolite in the
sense of the present invention. The compounds of the formula
(D) can have one or more chiral centres and therefore occur in
various stereoisomeric forms. The formula (I) encompasses
all these forms.

The invention also relates to the use of mixtures of the
compounds of the formula (I), for example mixtures of two
diastereomers, for example in the ratio 1:1, 1:2, 1:3, 1:4, 1:5,
1:10, 1:100 or 1:1000. Particular preference is given here to
mixtures of stereoisomeric compounds.

Above and below, the radicals R', R%, R>, R*, L, Y, A, Cyc,
Ar, Het', Het® and Hal as well as m, n and p have the meanings
indicated for the formula (I), unless expressly indicated oth-
erwise. If individual radicals occur a number of times within
a compound or radical, the radicals adopt, independently of
one another, the meanings indicated, unless expressly indi-
cated otherwise. For example, the radicals YY in the radical
L, in which they occur a number of times, are identical or
different, but are preferably in each case selected, indepen-
dently of one another, from the meanings indicated above
and/or below (for example methyl and/or ethyl), unless
expressly indicated otherwise. The terms used here for the
definition of the compounds are generally based on the rules
of the IUPAC organisation for chemical compounds and in
particular organic compounds. The terms for explanation of
the above-mentioned compounds of the invention always
have the following meanings, unless indicated otherwise in
the description or claims.

The term “unsubstituted” means that a radical, a group or a
residue carries no substituents. The term “substituted” means
that a radical, a group or a residue carries one or more sub-
stituents.

“Alkyl” or “A” in the sense of the invention denotes a
saturated or unsaturated hydrocarbon radical, which is
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unbranched (linear), branched or cyclic and preferably has 1,
2,3,4,5,6,7,8,90r 10C atoms, i.e. C,_,,-alkanyl. Examples
of alkyl radicals are methyl, ethyl, propyl, isopropyl, 1,1-,
1,2- or 2,2-dimethylpropyl, 1-ethylpropyl, 1-ethyl-1-methyl-
propyl, 1-ethyl-2-methylpropyl, 1,1,2- or 1,2,2-trimethylpro-
pyl, butyl, isobutyl, sec-butyl, tert-butyl, 1-, 2- or 3-methyl-
butyl, 1,1-, 1,2-, 1,3-, 2,2-, 2.3- or 3,3-dimethylbutyl, 1- or
2-ethylbutyl, pentyl, isopentyl, neopentyl, tert-pentyl, 1-, 2-,
3- or 4-methylpentyl, hexyl.

In a preferred embodiment of the invention, “A” is
unbranched or branched alkyl having 1,2,3,4,5,6,7,8,9 or
10 C atoms, where, independently of one another, 1,2,3,4, 5,
6 or 7 H atoms may be replaced by Hal. “A” is particularly
preferably unbranched or branched alkyl having 1, 2,3, 4, Sor
6 C atoms, where 1, 2, 3, 4 or 5 H atoms may be replaced,
independently of one another, by Hal. Very particular prefer-
ence is given to C, ,-alkyl, where, independently of one
another, 1-3 H atoms may be replaced by Hal. A C,_,-alkyl of
this type is, for example, methyl, ethyl, propyl, isopropyl,
butyl, isobutyl, sec-butyl, tert-butyl, fluoromethyl, difluo-
romethyl, trifluoromethyl, pentafiuoroethyl, 1,1,1-trifluoro-
ethyl or bromomethyl, most preferably methyl, ethyl or trif-
luoromethyl. It goes without saying that the respective
meanings of “A” are independent of one another in the radi-
cals of a formula according to the invention.

“Cycloalkyl” or “Cyc” in the sense of the invention denotes
saturated and partially unsaturated non-aromatic cyclic
hydrocarbon groups having 1 to 3 rings, which contain 3 to
20, preferably 3 to 12, particularly preferably 3 to 9, C atoms.
The bonding to the basic structure of the formula (I) can take
place via any ring member of the cycloalkyl group. Examples
of suitable cycloalkyl are cyclopropyl, cyclobutyl, cyclopen-
tyl, cyclohexyl, cycloheptyl, cyclooctyl, cyclodecyl, cyclo-
pentenyl, cyclohexenyl and cyclooctadienyl.

In a preferred embodiment of the invention, “Cyc”is cyclic
alkyl having 3-7 C atoms, where 1-4 H atoms may be
replaced, independently of one another, by Hal. Particular
preference is given to cyclic alkyl having 3-6 C atoms.

The basic structure of the formula (I) is any generic or
non-generic structure to which any radical in the sense of the
invention, such as, for example, Ar, Het' or Het?, can be
bonded in order to obtain a compound of the formula (I)
according to the invention.

The term “aryl”, “carboaryl” or “Ar” in the sense of the
invention denotes a mono- or polycyclic aromatic hydrocar-
bon system having 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13 or 14,
preferably 4-10, particularly preferably 5-8, C atoms, which
may optionally be substituted. The term “aryl” includes sys-
tems in which the aromatic ring is part of a bi- or polycyclic
saturated, partially unsaturated and/or aromatic system, for
example ifthe aromatic ring is fused to “aryl”, “heteroaryl” or
“heterocyclyl” via any desired ring member of the aryl radi-
cal. The bonding to the basic structure of the formula (I) can
take place via any ring member of the aryl group. Examples of
suitable “aryl” are phenyl, biphenyl, naphthyl, 1-naphthyl,
2-naphthyl, anthracenyl, indanyl, indenyl, 1,2,3,4-tetrahy-
dronaphthyl, in particular phenyl, o-, m- or p-tolyl, o-, m- or
p-ethylphenyl, o-, m- or p-propylphenyl, o-, m- or p-isopro-
pylphenyl, o-, m- or p-tert-butylphenyl, o-, m- or p-trifluo-
romethylphenyl, o-, m- or p-fluorophenyl, o-, m- or p-bro-
mophenyl, o-, m- or p-chlorophenyl, o-, m- or
p-hydroxyphenyl, o-, m- or p-methoxyphenyl, o-, m- or
p-methylsulfonylphenyl, o-, m- or p-nitrophenyl, o-, m- or
p-aminophenyl, o-, m- or p-methylaminophenyl, o-, m- or
p-dimethylaminophenyl, o-, m- or p-aminosulfonylphenyl,
0-, m- or p-methylaminosulfonylphenyl, o-, m- or p-ami-
nocarbonylphenyl, o-, m- or p-carboxyphenyl, o-, m- or
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p-methoxycarbonylphenyl, o-, m- or p-ethoxycarbonylphe-
nyl, o-, m- or p-acetylphenyl, o-, m- or p-formylphenyl, o-, m-
or p-cyanophenyl, 2,3-, 2,4-; 2,5-, 2,6-, 3,4- or 3,5-difluo-
rophenyl, 2,3-, 2,4-, 2,5-, 2,6-, 3,4- or 3,5-dichlorophenyl,
2,3-,2,4-,2,5-, 2,6-, 3,4- or 3,5-dibromophenyl, 2,3,4-, 2.3,
5-, 2,3,6-, 2,4,6- or 3,4,5-trichlorophenyl, p-iodophenyl,
4-fluoro-3-chlorophenyl, 2-fluoro-4-bromophenyl, 2,5-dif-
luoro-4-bromopheny! or 2,5-dimethyl-4-chlorophenyl.

In a preferred embodiment of the invention, “Ar” is phenyl,
naphthyl or biphenyl, each of which is unsubstituted or mono-
or disubstituted by Hal, (CH,),0Y, R%, (CH2)p0R4, COOY,
NY,, NYCOY and/or CN. It is very particularly preferred for
“Ar” to denote phenyl which is unsubstituted or mono- or
disubstituted by Hal, (CH,),0Y, R?, (CH,),OR?, COOY,
NY,, NYCOY and/or CN. It is very particularly preferred for
“Ar” to denote phenyl which is unsubstituted or mono- or
disubstituted by Hal and/or (CH,),0Y, most preferably phe-
nyl which is mono- or disubstituted by Hal and/or OA.

The term “heteroary]” in the sense of the invention denotes
a2,3,4,5,6,7,8,9,10,11,12,13, 14 or 15, preferably 2-9,
particularly preferably 5-, 6- or 7-membered mono- or poly-
cyclic aromatic hydrocarbon radical which contains at least 1,
if appropriate also 2, 3, 4 or 5 heteroatoms, in particular
nitrogen, oxygen and/or sulfur, where the heteroatoms are
identical or different. The number of nitrogen atoms is pref-
erably 0, 1, 2, 3 or 4, and the number of oxygen and sulfur
atoms is, independently of one another, 0 or 1. The term
“heteroaryl” includes systems in which the heteroaromatic
ring is part of a bi- or polycyclic saturated, partially unsatur-
ated and/or aromatic system, for example if the heteroaro-
matic ring is fused to “aryl” or “heterocyclyl” via any desired
ring member of the heteroaryl radical. The bonding to the
basic structure of the formula (I) can take place via any ring
member of the heteroaryl group, so long as it appears chemi-
cally sensible, where bonding via the C atoms is preferred.

“Heteroaryl” denotes, irrespective of further substitutions,
for example 2- or 3-furyl, 2- or 3-thienyl, 1-, 2- or 3-pyrrolyl,
1-, 2-, 4- or 5-imidazolyl, 1-, 3-, 4- or 5-pyrazolyl, 2-, 4- or
5-oxazolyl, 3-, 4- or 5-isoxazolyl, 2-, 4- or 5-thiazolyl, 3-, 4-
or S-isothiazolyl, 2-, 3- or 4-pyridyl, 2-, 4-, 5- or 6-pyrimidi-
nyl, 1,2,3-triazol-1-, -4- or -5-yl, 1,2 ,4-triazol-1-, -3- or 5-yl,
1- or S-tetrazolyl, 1,2,3-oxadiazol-4- or -5-yl, 1,2,4-oxadia-
zol-3- or -5-yl, 1,3 ,4-thiadiazol-2- or -5-yl, 1,2,4-thiadiazol-
3- or -5-yl, 1,2,3-thiadiazol-4- or -5-yl, 3- or 4-pyridazinyl,
pyrazinyl, 1-, 2-, 3-, 4-, 5-, 6- or 7-indolyl, 4- or 5-isoindolyl,
1-, 2-, 4- or 5-benzimidazolyl, 1-, 2-, 3-, 4-, 5-, 6- or 7-inda-
zolyl, 1-, 3-, 4-, 5-, 6- or 7-benzopyrazolyl, 2-, 4-, 5-, 6- or
7-benzoxazolyl, 3-,4-, 5-, 6- or 7-benzisoxazolyl, 2-, 4-, 5-, 6-
or 7-benzothiazolyl, 2-, 4-, 5-, 6- or 7-benzisothiazolyl, 4-, 5-,
6- or 7-benz-2,1,3-oxadiazolyl, 2-, 3-, 4-, 5-, 6-, 7- or
8-quinolyl, 1-, 3-, 4-, 5-, 6-, 7- or 8-isoquinolyl, 3-, 4-, 5-, 6-,
7- or 8-cinolinyl, 2-, 4-, 5-, 6-, 7- or 8-quinazolinyl, 5- or
6-quinoxalinyl, 2-, 3-, 5-, 6-, 7- or 8-2H-benzo-1,4-oxazinyl,
1,3-benzodioxol-5-yl, 1.4-benzodioxan-6-yl, 2,1,3-ben-
zothiadiazol-4- or -5-yl, 2,1,3-benzoxadiazol-5-yl, imida-
zolyl, triazinyl, phthalazinyl, indolizinyl, pteridinyl, carba-
zolyl, phenazinyl, phenoxazinyl, phenothiazinyl or acridinyl.

The heterocyclic radicals may also be partially or fully
hydrogenated. Unsubstituted heteroaryl may thus, for
example, also denote 2,3-dihydro-2-, -3-, -4- or -5-furyl, 2,5-
dihydro-2-, -3-, -4- or 5-furyl, tetrahydro-2- or -3-furyl, 1,3-
dioxolan-4-yl, tetrahydro-2- or -3-thienyl, 2,3-dihydro-1-,
-2-, -3-, -4- or -5-pyrrolyl, 2,5-dihydro-1-, -2-; -3-, -4- or
-5-pyrrolyl, 1-, 2- or 3-pyrrolidinyl, tetrahydro-1-, -2- or
-4-imidazolyl, 2,3-dihydro-1-, -2-, -3-, -4- or -5-pyrazolyl,
tetrahydro-1-, -3- or -4-pyrazolyl, 1,4-dihydro-1-, -2-, -3- or
-4-pyridyl, 1,2,3,4-tetrahydro-1-, -2-, -3-, -4-, -5- or -6-py-
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ridyl, 1-, 2-, 3- or 4-piperidinyl, 2-, 3- or 4-morpholinyl,
tetrahydro-2-, -3- or -4-pyranyl, 1,4-dioxanyl, 1,3-dioxan-2-,
-4- or -5-yl, hexahydro-1-, -3- or -4-pyridazinyl, hexahydro-
1-, -2-, -4- or -5-pyrimidinyl, 1-, 2- or 3-piperazinyl, 1,2,3,4-
tetrahydro-1-, -2-, -3-, -4-, -5-, -6-, -7- or -8-quinolyl, 1,2,3, 5
4-tetrahydro-1-, -2-, -3-,-4-, -5-,-6-, -7- or -8-isoquinolyl, 2-,
3-, 5-, 6-, 7- or 8-3,4-dihydro-2H-benzo-1,4-oxazinyl, 2,3-
methylenedioxyphenyl, 3,4-methylenedioxyphenyl, 2.3-eth-
ylenedioxyphenyl, 3,4-ethylenedioxyphenyl, 3,4-(difluo-
romethylenedioxy)phenyl, 2,3-dihydrobenzofuran-5- or 10
6-y1, 2,3-(2-oxomethylenedioxy)phenyl, or also 3,4-dihydro-
2H-1,5-benzodioxepin-6- or -7-yl, 2,3-dihydrobenzofuranyl
or 2,3-dihydro-2-oxofuranyl.

It is preferred for “heteroaryl” in the sense of “Het'” to
denote a mono- or bicyclic aromatic heterocycle having 2, 3, 15
4,5,6,7,80r9 Catomsand 1, 2,3 or4 N, O and/or S atoms,
which may be unsubstituted mono- di- or trisubstituted by
Hal, (CH,),0Y, R*, (CH,),OR*,—0, COOY, NY,,NYCOY
and/or CN. It is particularly preferred for “Het"” to denote
mono- or bicyclic heteroaryl having 2, 3, 4, 5, 6, 70or 8 C 20
atoms and 1, 2 or 3 N, O and/or S atoms, which may be
unsubstituted or mono- or disubstituted by Hal, (CH,),0Y, A
and/or —O, very particularly preferably heteroaryl which is
unsubstituted or mono- or disubstituted by Hal, (CH,),0Y, A
and/or —O, selected from the group. 25

_I\ IS 30
OO0
O\ YN\ T TN\

A~ A~y N A~
N N x A 40
_:/ o\>_@s\>_:/ S/N

X x R
_II\E P N\>_I{I! F N> _N<IN> .
S
>

N N N 50
AN 0 _/N\N/X
AT T A TS
/N\N/\ I?{/N\ 55
_\ | v L Ve N

Most preference is given to thiazole which is unsubstituted 60
or mono- or disubstituted by (CH,),0Y or A. Most preference
is furthermore given to pyridine, pyridazine or pyrazole, each
of which is unsubstituted or mono- or disubstituted by (CH,),,
OY or A.

The term “heterocycle” in the sense of the invention 65
denotes a mono- or polycyclic system having 3, 4, 5, 6,7, 8,
9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19 or 20 ring atoms,

8

preferably 3-14 ring atoms, particularly preferably 3-10 ring
atoms, comprising C atoms and 1, 2, 3, 4 or 5 heteroatoms, in
particular nitrogen, oxygen and/or sulfur, where the heteroa-
toms are identical or different. The cyclic system may be
saturated or mono- or polyunsaturated. Examples of suitable
heterocycles are pyrrolidinyl, thiapyrrolidinyl, piperidinyl,
piperazinyl, oxapiperazinyl, oxapiperidinyl, oxadiazolyl, tet-
rahydrofuryl, imidazolidinyl, thiazolidinyl, tetrahydropyra-
nyl, morpholinyl, tetrahydrothiophenyl, dihydropyranyl.

In an embodiment of the invention, “Het>” is a monocyclic
saturated heterocycle having 2, 3, 4, 5, 6 or 7 C atoms and 1,
2,3 or4 N, O and/or S atoms, which may be unsubstituted or
monosubstituted by A. It is preferred for “Het*” to denote a
monocyclic saturated heterocycle having 2, 3, 4 or 5 C atoms
and 1 or 2 N and/or O atoms, which may be unsubstituted or
monosubstituted by A, very particularly preferably a hetero-
cycle which is unsubstituted or monosubstituted by A,
selected from the group:

Toeere’e

The term “halogen”, “halogen atom”, “halogen substitu-
ent” or “Hal” in the sense of the invention denotes one or more
atoms of fluorine (F), bromine (Br), chlorine (Cl) or iodine
(D). The terms “dihalogen”, “trihalogen” and “perhalogen”
relate to two, three or four substituents, where each substitu-
ent can be selected, independently of one another, from the
group of F, CI, Br or 1. “Halogen” preferably means F, Cl or
Br. F and Cl are particularly preferred, in particular if the
halogens are substituted on an alkyl (haloalkyl) or alkoxy
group (for example CF; and CF,0).

The radical R* preferably denotes Het" or Ar, particularly
preferably Het'.

The radicals R?, R? denote, in particular, independently of
one another, Y or OY, or together also —O—(CH,),—.

The radical R? preferably denotes Y or OY, particularly
preferably Y or OH, very particularly preferably Y, likewise
very particularly preferably OH, most preferably H.

The radical R® preferably denotes Y or QY, particularly
preferably OY or A, very particularly preferably OY, most
preferably OH.

The radical R* denotes, in particular, A or (CH,),0A.

The radical L preferably denotes —CR*R>—, a single
bond, —(CH,),,—, —CH(Hal)-, —C(Hal),-, —(CH,),,CH

OY)—, —(CH,,CO—, —(CH,,NH— —(CH,),
CONY,—, —NYCO—, —NHCO-—NH—, —NR*CO—,
—NYSO,—, —C(ENR*)—, —C(=NCN)—, —CY
(NY,)—, —CY(CN)—, —CY(O—(CH,),CN)—, —CY

(Het?)- or —CY(O—(CH,),Het*)-, particularly preferably
—CR?R*>—, very particularly preferably —CR?R>— in
combination with the above-mentioned preferred embodi-
ments of R? and/or R>.

The group -L.-R1 is preferably arranged in the meta-posi-
tion on the pyrrolidine, piperidine or azepan.

The index m preferably denotes 0, 1 or 2, particularly
preferably O or 1, very particularly preferably 1.

The index n preferably denotes 0, 1, 2, 3 or 4, particularly
preferably 1, 2 or 3. It goes without saying that the respective
meanings of “n” are independent of one another in the radi-
cals of a formula according to the invention.

The index p preferably denotes 0, 1, 2,3, 4 or 5, particularly
preferably 0, 1, 2 or 3, very particularly preferably 0, 1 or 2,
most preferably O or 1. It goes without saying that the respec-
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tive meanings of “n” are independent of one another in the
radicals of a formula according to the invention.

Accordingly, the invention relates to the compounds of the
formula (I) in which at least one of the said radicals has one of
the meanings indicated above. Radicals which are not
denoted in greater detail in the context of an embodiment of
the formula (I), sub-formula thereof or any residue thereon
are intended to have the meaning indicated for the formula (1),
as disclosed herein, in order to achieve the object of the
invention. This means that the said radicals may adopt all
meanings assigned to them, as described above or below,
including any preferred embodiments, without being
restricted thereto and independently of their occurrence in
another particular context. It goes without saying, in particu-
lar, that each embodiment of a certain radical can be com-
bined with each embodiment of one or more other radicals.

In a preferred embodiment of the present invention, mor-
pholinylbenzotriazine derivatives of the sub-formula (IA) are
provided

aa)

@

in which

R! denotes Het! or Ar;

R? denotes Y or OY;

R? denotes OY or A;

R?, R? together also denote —O—(CH,),—;
L denotes —CR?R*—;

Y denotes Hor A;

A denotes unbranched or branched alkyl having 1-6 C atoms,
in which, independently of one another, 1-5 H atoms may
be replaced by Hal;

Ar denotes phenyl which is unsubstituted or mono- or disub-
stituted by Hal and/or (CH,),0Y;

Het' denotes mono- or bicyclic heteroaryl having 2-8 C atoms
and 1-3 N, O and/or S atoms, which may be unsubstituted
or mono- or disubstituted by Hal, (CH,),0Y, A and/or =0;

Hal denotes F, Cl, Bror I; and
n, p, independently of one another, denote 0, 1, 2, 3 or 4,

and/or physiologically acceptable salts, tautomers and/or ste-
reoisomers thereof, including mixtures thereof in all ratios.

In a very particularly preferred embodiment of the present
invention, morpholinylbenzotriazine derivatives of the sub-
formula (IB) are provided

5
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in which
Y denotes Hor A;

A denotes unbranched or branched alkyl having 1-6 C atoms,
in which, independently of one another, 1-3 H atoms may
be replaced by Hal;

Het' denotes heteroaryl which is unsubstituted or mono- or
disubstituted by Hal, (CH,),0Y, A and/or =0, selected
from the group:

£

— N

L/

£ )

(0] N
H
TN 0 TN\ TN\
I/ g I/ o I/ <
N N
O >_|\ \ 0 YT\
I/ o I/ < I/ s/
N
_l\_l/\\j_(jﬁ
| | | |
KN/ N/ N/ KN¢N
SN
(A

Hal denotes F, Cl, Bror I; and
p denotes 0, 1 or 2,

and/or physiologically acceptable salts, tautomers and/or ste-
reoisomers thereof, including mixtures thereof in all ratios.

Most preference is given to compounds of the formulae (1),
(IA) and (IB) which are put together in Table 1.
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TABLE 1

Most preferred compounds of the formulae (I), (IA) and (IB) and/or physiologically
acceptable salts, tautomers and/or stereoisomers thereof, including mixtures thereof in all ratios.

Analysis
'H NMR (400 MHz, DMSO) & Bonding
No. 1-11,13 DNA-PK
'H NMR (500 MHz, DMSO) & ICsq
Structural formula Name No. 12, 14-20 [uM]
®R)-[(S)-1-(7- 7.97(t,1=9.1,1H),7.91 d,T = <0.1
Morpholin-4-yl- 3.3,1H),7.72 (d, T =3.3,
benzo[d]-1,2,3- 1H),7.56 (dt, 7 =19.8,9.9,
triazin-4-yl)- 1H),7.04 (d,7=2.2, 1H),
piperidin-3-yl]- 5.07(d,J=5.0,1H),4.84 (d,
thiazol-2-yl- I=125,1H),475(d, T =
methanol 12.2, 1H), 3.85-3.76 (m,

4H), 3.61-3.50 (m, 6H), 2.44
(dd, 7=14.3,104, 1H), 1.99

Ny (d, T =9.4, 1H), 1.86-1.66
| (m, 4H).
N
=
(\N N/
O\)
OH (S)-[(R)-1-(7- 797, T=49, 1H),7.71 (¢, T = <0.1
H Morpholin-4-yl- 11.9, 1H), 7.68-7.62 (m,
benzo[d]-1,2,3- 1H), 7.58-7.50 (m, 1H), 7.29
triazin-4-yl)- (t,7=11.6,1H), 6.32 (t, T =
piperidin-3-yl]- 12.0, 1H), 4.87-4.76 (m,
thiazol-2-yl- 1H), 4.34 (dt, T = 31.3, 15.6,
methanol 2H), 3.83-3.72 (m, 4H), 3.46-

3.37 (m, 4H), 3.15-2.96
(m, 3H), 2.29-2.18 (m, 1H),
1.88-1.73 (m, 2H), 1.68-

1.50 (m, 2H)
R)-[(R)-1-(7- 7.86 (t,1=49,1H),7.74 d,T = <0.1
Morpholin-4-yl- 9.3,1H), 7.66 (d, ] = 3.2,
benzo[d]-1,2,3- 1H), 7.57-7.49 (m, 1H), 7.30
triazin-4-yl)- (t,J=9.3,1H),6.38 (d,T =
piperidin-3-yl]- 5.4,1H),4.80 (t,J=5.6, 1H),
thiazol-2-yl- 4.34(d,7=13.0,1H),4.23 (d,
methanol J=13.0,1H),3.77 (dd, T =

17.0,11.9, 4H), 3.46-3.37

(m, 4H), 3.21-3.06 (m, 2H),

2.25 (dtt, T = 10.2, 7.1, 3.6,

| 1H), 1.90-1.82 (m, 1H), 1.77

N (dd, T=12.4,2.9, 1H), 1.73-
1.62 (m, 1H), 1.55 (ddd, T =
24.1,12.1,3.9, 1H)

O

O

OH (S)-(4-Methyl- 7.73(d,1=9.3, 1H), 7.56- <0.1
thiazol-2-y)-[(S)- 742 (m, 1H), 7.32 (t, T = 10.6,
1-(7-morpholin-4-  1H), 7.17 (t, T = 10.6, 1H),
ylbenzo[d]-12,3-  6.29(d,T=5.2, 1H), 471 (t,] =

triazin-4-yl)- 5.7,1H),4.30 (t, T=14.1,
piperidin-3-yl]- 2H),3.77 (dd,T=16.9,11.9,
methanol 4H), 3.45-3.37 (m, 4H), 3.14

(ddd, T=24.6,13.5, 6.7, 210),
2.36(d, 7=0.6, 3H), 2.24-
2.11 (m, 1H), 1.91-1.80 (m,
1H), 1.76 (dd, T=12.5, 2.9,
1H), 1.72-1.62 (m, 1H), 1.53
(qd, T=12.0,3.9, 1H)
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TABLE 1-continued
Most preferred compounds of the formulae (I), (IA) and (IB) and/or physiologically
acceptable salts, tautomers and/or stereoisomers thereof, including mixtures thereof in all ratios.
Analysis
'H NMR (400 MHz, DMSO) 8  Bonding
No.1-11,13 DNA-PK
'H NMR (500 MHz, DMSO) 8 1Cso
No. Structural formula Name No. 12, 14-20 [uM]
5 (R)-(4-Methyl- 7.71(d,7=9.3, 1H), 7.53 (dd, <0.1
thiazol-2-y)-[(S)-  T=9.3,2.5, 1H), 7.32 (t, T =
1-(7-mompholin-4-  10.2, 1H), 7.16 (s, 1H), 6.24
ylbenzo[d]-1,2,3-  (d,T=5.3, 1H), 474 (t, T =
triazin-4-yl)- 5.4, 1H), 4.40 (d, T =12.9,
piperidin-3-yl]- 1H),4.32(d,T7=12.9, 1H),
methanol 3.84-3.73 (m, 4H), 3.48-
3.37 (m, 4H), 3.12 (dd, T =
N 24.6, 13.0, 2H), 2.30 (s, 3H),
N 2.17(d, T =3.7, 1H), 1.90-
| 1.71 (m, 2H), 1.70-1.51 (m,
N 2H)
=
(\N N/
O\)
6 OH (S)-(4-Methyl- 7.71(d,7=9.3, 1H), 7.53 (dd, <0.1
H thiazol-2-y)-[(R)-  T=9.4,2.6, 1H), 7.32 (t, T =
S 1-(7-mompholin-4-  10.6, 1H), 7.17 (t, T = 6.9,
ylbenzo[d]-1,2,3-  1H), 6.24 (d,T =5.3, 1),
\ | triazin-4-yl)- 474 (t,T=5.4, 1H),4.40 (d,] =
N piperidin-3-yl]- 13.0, 1H), 4.32 (d, T =13.0,
N methanol 1H),3.79 (dd, T=13.4, 8.7,
4H), 3.45-3.36 (m, 41), 3.12
N (dd, T=24.1, 12.6, 2H), 2.30
N (d,7=0.7, 3H), 2.18 (dd, T =
| 5.2,3.7,1H), 1.88-1.73 (m,
2N 2H), 1.69-1.51 (m, 2H)
N N
O\)
7 OH (R)-(4-Methyl- 7.73 (d, 7 =9.3, 1H), 7.56- <0.1
T H thiazol-2-y)-[(R)-  7.47 (m, 1H),7.31 (d, T = 2.6,
. 1-(7-mompholin-4-  1H),7.19 (d, T = 0.9, 1H),
ylbenzo[d]-1,2,3-  6.27(dd, T=22.3,5.3, 1H),
triazin-4-yl)- 471 (t,7=5.7, 1H), 4.38-
piperidin-3-yl]- 4.18 (m, 2H),3.79 (dd, T =
methanol 13.7,9.1, 4H), 342 (dd, T =
15.5,10.6, 4H), 3.23-3.09
(m, 2H), 2.35 (d, T = 0.6, 3H),
2.17 (qd, T = 10.5, 5.1, 1H),
1.90-1.81 (m, 1H), 1.76 (dd,
7=12.5,2.8, 1H), 1.73-1.61
(m, 1H), 1.52 (ddd, 7 = 24.0,
12.0, 4.0, 1H)
8 (R)-1-[(S)-1-(7- 7.90 (d, T = 3.3, 1H), 7.59 (d, <0.1

O

Morpholin-4-yl-
benzo[d]-1,2,3-
triazin-4-yl)-
piperidin-3-yl]-1-
thiazol-2-yl-
ethanol

7=3.3,1H),7.55(d, 7=9.3,
1H), 7.46 (dd, T=9.3, 2.6,
1H), 7.25 (d, T = 2.6, 1H),
6.04 (s, 1H), 4.45 (d, T = 12.8,
1H), 3.99 (d, T = 13.0, 1),
3.85-3.72 (m, 4H), 3.48-
3.37 (m, 4H), 2.99 (dd, T =
13.0,11.6, 1H), 2.91 (td, T =
12.8,2.5, 1H),2.29 (t, T =
11.6,3.2, 1H),2.04 (d, T =
12.2, 1H), 1.90 (dd, T = 8.6,
4.4, 1H), 1.66 (dt, T = 12.8,
3.9, 1H), 1.60-1.44 (m, 4H)
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TABLE 1-continued
Most preferred compounds of the formulae (I), (IA) and (IB) and/or physiologically
acceptable salts, tautomers and/or sterecisomers thereof, including mixtures thereof in all ratios.
Analysis
'H NMR (400 MHz, DMSO) 8  Bonding
No.1-11,13 DNA-PK
1 NMR (500 MHz, DMSO) & ICs,
No. Structural formula Name No. 12, 14-20 [uM]
9 (S)-1-[(S)-1-(7- 7.77 (dd, T=13.1, 6.7, 11), <0.1
Morpholin-4-yl- 7.70 (¢, T = 14.6, 1H), 7.60 (t,
benzo[d]-1,2,3- T=4.1,1H),7.57-7.50 (m,
triazin-4-yl)- 1H), 7.30 (d, T = 2.6, 1H),
piperidin-3-yl]-1- 6.05(d, T=13.1, 1H),4.55 (t,
thiazol-2-yl- 1=254,1H),4.36 (d,T =
ethanol 12.5, 1H), 3.77 (dd, T = 17.0,
12.0, 4H), 3.46-3.38 (m,
\ 4H), 3.00-2.89 (m, 1H), 2.86-
N 2.72 (m, 1H), 2.24-2.05
| (m, 1H), 1.87-1.70 (m, 2H),
2N 1.68-1.51 (m, SH)
(\N N
[
10 (R)-(4,5-Dimethyl-  7.74 (t, T = 9.5, 1), 7.49 (dt, <0.1
thiazol-2-y)-[(R)-  T=24.7,12.4, 1H), 7.30 (d, T =
1-(7-mompholin-4- 2.6, 1H), 6.15 (dd, T = 23.0,
ylbenzo[d]-1,2,3- 4.8, 1H), 4.66-4.57 (m, 1H),
triazin-4-yl)- 429 (t, 7= 16.3, 2H), 3.83-
piperidin-3-yl]- 3.73 (m, 4H), 3.46-3.37 (m,
methanol 4H), 3.22-3.06 (m, 2H), 2.31
(s, 3H), 2.24 (s, 3H), 2.18-
N 2.07 (m, 1H), 1.92-1.79 (m,
N 1H), 1.78-1.59 (m, 2H), 1.59-
| 1.44 (m, 1H)
N
(\N NZ
[
11 OH (S)-(4,5-Dimethyl-  7.74 (t, T = 9.7, 1), 7.50 (dt, <0.1
thiazol-2-y)-[(S)-  T=13.0, 6.5, 1H),7.31 (d,T =
g 1-(7-mompholin-4- 2.6, 1H), 6.18 (d, I = 5.3, 110),
ylbenzo[d]-1,2,3-  4.61(t,J=5.8, 1H),4.31 (d,] =
\ triazin-4-yl)- 12.9,2H),3.77 (dd, T =
piperidin-3-yl]- 17.0, 11.9, 4H), 3.46-3.37
methanol (m, 4H), 3.23-3.07 (m, 2H),
2.32 (s, 3H), 2.24 (s, 3H),
N 2.17-2.07 (m, 1H), 1.84 (dd,
N 1=97,3.4, 1H), 1.77-1.59
| (m, 2H), 1.50 (qd, T = 11.8,
N 3.9,1H
//\N Né )
[
12 oH (S)-(5-Methyl- 7.75 (t, T = 8.8, 1H), 7.53 (dd, <0.1

O

O

Chiral

thiazol-2-y1)-[(S)-
1-(7-morpholin-4-
ylbenzo[d]-1,2,3-
triazin-4-yl)-
piperidin-3-yl]-
methanol

1=94,2.7, 1H), 7.52-7.46
(m, 1H), 7.30 (t, T = 8.2, L H),
6.27 (4,7 = 5.3, 1H), 4.69 (dd,
1=120, 6.3, 1H), 4.30 (dd, T =
22.8, 13.1, 2H), 3.82-3.75

(m, 4H), 343 (dd, T=17.1,
12.1, 4H), 3.22-3.05 (m,
2H),2.42 (d,7 = 1.0, 3H),
2.18 (dtt, T = 14.1, 6.9, 3.5,
1H), 1.91-1.79 (m, 1H), 1.79-
1.72 (m, 1H), 1.72-1.58

(m, 1H), 1.59 (s, 1H)
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TABLE 1-continued
Most preferred compounds of the formulae (I), (IA) and (IB) and/or physiologically
acceptable salts, tautomers and/or sterecisomers thereof, including mixtures thereof in all ratios.
Analysis
'H NMR (400 MHz, DMSO) 8  Bonding
No.1-11,13 DNA-PK
1 NMR (500 MHz, DMSO) & ICs,
No. Structural formula Name No. 12, 14-20 [uM]
13 OH (R)-(5-Methyl- 7.76 (d,7=9.3, 1H), 7.53 (dd, <0.1
T H thiazol-2-y1)-[(S)-  T=9.4,2.6, 1H), 7.48 (d, T =
H 1-(7-mompholin-4- 1.2, 1H), 7.29 (d, T = 2.6, 11),
: ylbenzo[d]-1,2,3-  6.28(d,T=5.3, 1H), 4.68 (t, ] =
triazin-4-yl)- 5.7, 1H), 4.38-4.20 (m,
piperidin-3-yl]- 2H), 3.83-3.72 (m, 4H), 3.46-
methanol 3.37 (m, 4H), 3.21-3.04
(m, 2H), 242 (d, T = 0.9, 3H),
2.18(d, T = 6.4, 1H), 1.85 (d,
N T=128, 1H), L74(d, ] =
| 13.2, 1H), 1.70-1.59 (m,
2N 1H), 1.51 (dt, T = 11.5, 7.9,
(\N N 1H)
s
Chiral
14 (S)-(6-Methoxy-  7.85(d, 7 =9.3, 1H), 7.68 (d, <0.1
pyridazin-3-yl)- J=9.1,1H),7.53 (dt,J =
[(S)-1-(7- 15.5,7.7,1H),7.31 (d, T =
morpholin-4-yl- 2.6, 1H), 7.25 (t,7=10.7,
benzo[d]-1,2,3- 1H), 5.82 (dd, T=16.9, 5.1,
triazin-4-yl)- 1H), 4.64 (dd, T=8.1,5.1,
piperidin-3-yl]- 1H),4.46 (d,T7=12.7,1H),
methanol 428 (d,T=13.1, 1H), 4.07-
4.02 (m, 3H), 3.83-3.73 (m,
4H), 3.43-3.37 (s, 4H), 3.23-
3.20 (m, 1H), 2.23-2.07 (m,
1H), 1.86-1.76 (m, 1H), 1.73-
1.51 (m, 1H), 142 (dd, T =
13.0, 3.6, 1H), 1.33 (ddd, T =
15.1,12.2,4.1, 1H)
15 0 (R)-(6-Methoxy-  7.72-7.68 (m, 1H), 7.60 (d, T = <0.1
: H pyridazin-3-yl)- 9.3, 1H), 7.45 (dd, 7 =9.3,
N [(S)-1-(7- 2.7, 1H), 7.32-7.17 (m, 2H),
i morpholin-4-yl- 5.74(d,J=5.1, 1H), 4.72-
benzo[d]-1,2,3- 4.63 (m, 1H),4.32 (t, 7= 15.2,
triazin-4-yl)- 1H), 4.06 (d, T = 11.9, 1),
piperidin-3-yl]- 4.04-3.97 (m, 3H), 3.81-
methanol 3.73 (m,4H),3.41(dd, T =
11.9, 6.9, 4H), 3.17-3.08 (m,
1H), 2.98 (dd, T=13.1, 11.2,
1H), 2.25-2.11 (m, 1H), 1.99-
1.91 (m, 1H), 1.84 (dt, T =
30.0, 13.4, LH), 1.72-1.57
(m, 1H), 1.50 (ddd, T = 24.9,
12.5,3.8, 1H)
16 (S)-(6-Methoxy-  8.14-8.08 (m, 1H), 7.81 (d, T = <0.1

O

A\
z

pyridin-3-y1)-[(S)-
1-(7-morpholin-4-
ylbenzo[d]-1,2,3-
triazin-4-yl)-
piperidin-3-yl]-
methanol

9.4, 1H), 7.72-7.68 (m,
1H),7.52 (dd, T=9.4, 2.7,
1H), 7.35-7.29 (m, 1H), 6.85-
6.75 (m, 1H), 5.46 (t, T =
10.4, 1H), 453 (d, T=12.9,
1H), 4.38 (dd, T=8.1, 4.6,
1H),4.31 (d, T = 13.0, 1),
3.84(d,7=6.1, 3H), 3.81-
3.73 (m, 5H), 3.45-3.39 (m,
SH), 3.20-3.08 (m, 2H), 2.03-
1.90 (m, 1H), 1.83-1.72

(m, 1H), 1.66-1.51 (m, 1H),
1.46-1.37 (m, 1H), 1.37-

1.21 (m, 1H)
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TABLE 1-continued
Most preferred compounds of the formulae (I), (IA) and (IB) and/or physiologically
acceptable salts, tautomers and/or stereoisomers thereof, including mixtures thereof in all ratios.
Analysis
'H NMR (400 MHz, DMSO) 8  Bonding
No.1-11,13 DNA-PK
'H NMR (500 MHz, DMSO) & ICso
No. Structural formula Name No. 12, 14-20 [uM]
17 o} (R)-(6-Methoxy-  8.03 (t, T =7.3, 1H), 7.69 (dt, <0.1
T pyridin-3-yD)-[(S)-  T=8.5,2.6, 1H), 7.59-7.52
= 1-(7-morpholin-4-  (m, 1H), 7.45-7.38 (m, 1H),
: ylbenzo[d]-1,2,3-  7.28(d, T =2.6, 1H), 6.82 (dd,
triazin-4-yl)- T=84,4.6,1H),5.41 (d,T=
= piperidin-3-yl]- 4.6,1H),4.43 (dd, T = 6.6,
N methanol 4.7,1H), 430 (d, ] = 13.0,
1H), 4.00 (t, T = 11.5, 1),
3.85-3.82 (m, 3H), 3.80-
AN 3.73 (m, 4H), 3.41-3.36 (m,
| 4H), 3.09 (td, ] =12.9,2.6,
2N 1H), 2.92 (dd, T=13.0, 10.9,
N N 1H), 2.06-1.93 (m, 2H), 1.93-
(\ 1.82 (m, 1H), 1.69-1.56
(m, 1H), 1.41 (qd, T = 12.4,
3.8, 1H)
18 0 Chiral (S)-(1-Isopropyl- 7.68(d,J=9.3, 1H), 7.56 (s, <0.1
1H-pyrazol-4-yl)- 1H), 7.48 (dd, J=9.4,2.7,
[(S)-1-(7- 1H), 7.35 (d,T=10.5, 1H),
morpholin-4-yl- 7.28(d,J=2.6, 1H), 5.03 (d,
benzo[d]-1,2,3- J=4.5, 1H), 4.48-4.37 (m,
triazin-4-yl)- 2H),4.33 (d,T=12.9, 1H),
piperidin-3-yl]- 4.17(d,T=12.9, 1H), 3.83-
methanol 3.72 (m, 4H), 3.46-3.36 (m,
4H),3.10 (td, T =12.9,2.7,
XN 1H), 2.94 (dd, T=13.0, 108,
| 1H), 2.05-1.91 (m, 2H), 1.91-
N 1.81 (m, 1H), 1.73-1.56
N N7 (m, 111), 1.45-1.30 (m, 7H)
19 o Chiral (S)-(I-tert-Butyl-  7.85(t, T=8.7, 1H), 7.68 (d, T = <0.1
1H-pyrazol-4-yl)- 6.6, 1H), 7.53 (dt, T = 13.8,
[(S)-1-(7- 6.9, 1H), 7.39 (s, 1H), 7.33-
morpholin-4-yl- 7.19 (m, 1H),5.07 (d,T=4.9,
benzo[d]-1,2,3- 1H), 4.53 (d, T = 12.7, 1),
triazin-4-yl)- 4.43-4.25 (m, 2H), 3.77 (dd,
piperidin-3-yl]- J=170,11.9,4H), 3.48-
methanol 3.36 (m, 4H), 3.20-3.03 (m,
2H),1.99-1.87 (m, 1H), 1.84-
Xy 1.72 (m, 1H), 1.72-1.53
| (m, 2H), 1.47 (d, T = 13.6,
N OH), 1.32 (ddd, T = 23.5, 12.6,
N Né 3.5,1H)
20 0 Chiral (S)-(1-Ethyl-1H-  7.83(t, 7= 12.7, 1 H), 7.62 (s, <0.1

pyrazol-4-y1)-[(S)-
1-(7-morpholin-4-
ylbenzo[d]-1,2,3-
triazin-4-yl)-
piperidin-3-yl]-
methanol

1H), 7.54 (dd, T=9.4, 2.7,
1H), 7.38 (s, 1H), 7.30 (d, T =
2.6, 1H), 5.08 (t, T = 9.7, 11),
453(d, =126, 1H), 4.34
(dt, 7 =129, 6.5, 21), 4.08 (p,
1=7.5,2H),3.77 (dd, T =
17.0, 12.0, 4H), 3.43 (dd, T =
17.0, 12.1, 4H), 3.12 (ddd, T =
23.7,13.4, 6.6, 2H), 1.98-
1.84 (m, 1H), 1.84-1.74 (m,
1H), 1.68-1.55 (m, 2H), 1.39-
1.23 (m, 4H)

Further most preferred compounds ofthe formulae (1), (IA) 6
and (IB) are put together in Tables 2-4.
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TABLE 2 TABLE 2-continued
Further most preferred compounds of the formulae (I), (IA) and (IB) Further most preferred compounds of the formulae (I), (IA) and (IB)

d/or physiologicall; table salts, taut d/
and/or physiologically acceptable salts, tautomers and/or 5 andror phystologically acceptable salls, tautomers and/or

X . . . . . stereoisomers thereof, including mixtures thereof in all ratios.
stereoisomers thereof, including mixtures thereof in all ratios.
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TABLE 2-continued TABLE 2-continued
Further most preferred compounds of the formulae (I), (IA) and (IB) Further most preferred compounds of the formulae (I), (IA) and (IB)
and/or physiologically acceptable salts, tautomers and/or and/or physiologically acceptable salts, tautomers and/or
stereoisomers thereof, including mixtures thereof in all ratios. 3 stereoisomers thereof, including mixtures thereof in all ratios.
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x
15 Il\I
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TABLE 2-continued TABLE 2-continued
Further most preferred compounds of the formulae (I), (IA) and (IB) Further most preferred compounds of the formulae (I), (IA) and (IB)
and/or physiologically acceptable salts, tautomers and/or 5 and/or physiologically acceptable salts, tautomers and/or

. . . . . . stereoisomers thereof, including mixtures thereof in all ratios.
stereoisomers thereof, including mixtures thereof in all ratios. ? &
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15
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N
=
//\N N
o
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TABLE 2-continued TABLE 2-continued
Further most preferred compounds of the formulae (I), (IA) and (IB) Further most preferred compounds of the formulae (I), (IA) and (IB)
and/or physiologically acceptable salts, tautomers and/or 5 and/or physiologically acceptable salts, tautomers and/or
stereoisomers thereof, including mixtures thereof in all ratios. stereoisomers thereof, including mixtures thereof in all ratios.
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\Il\f
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=
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TABLE 2-continued TABLE 2-continued
Further most preferred compounds of the formulae (I), (IA) and (IB) Further most preferred compounds of the formulae (I), (IA) and (IB)
and/or physiologically acceptable salts, tautomers and/or 5 and/or physiologically acceptable salts, tautomers and/or
stereoisomers thereof, including mixtures thereof in all ratios. stereoisomers thereof, including mixtures thereof in all ratios.
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TABLE 2-continued TABLE 3-continued
Still further most preferred compounds of the formulae (I), (IA) and (IB)
Further most preferred compounds of the formulae (I), (IA) and (IB) and/or physiologically acceptable salts, tautomers and/or
d/or physiologicall table salts. taut Y stereoisomers thereof, including mixtures thereof in all ratios.
and/or physiologically acceptable salts, tautomers and/or 5 HPLC-MS (M + H)

stereoisomers thereof, including mixtures thereof in all ratios.
Chiral

ile)

o)

10

15 |

20 (M + H) 452

O

Chiral

e

o)

25
o
30
N
=
(\N N
O\)
\ N
| 35 (M + H) 438

Chiral

O

.
Z,
A
z,
e}
(il ]as]

S
40
AN
TABLE 3 5
- XN
Still further most preferred compounds of the formulae (I), (IA) and (IB) 45 | P Il\T
and/or physiologically acceptable salts, tautomers and/or (\ N N/

stereoisomers thereof, including mixtures thereof in all ratios. O\)
HPLC-MS (M + H)

50 (M + H) 443
Chiral

e

O Chiral

ot

55

(M + H) 424 65 (M + H) 443
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TABLE 3-continued TABLE 3-continued
Still further most preferred compounds of the formulae (I), (IA) and (IB) Still further most preferred compounds of the formulae (I), (IA) and (IB)
and/or physiologically acceptable salts, tautomers and/or and/or physiologically acceptable salts, tautomers and/or
stereoisomers thereof, including mixtures thereof in all ratios. stereoisomers thereof, including mixtures thereof in all ratios.
HPLC-MS (M + H) 5 HPLC-MS (M + H)
Chiral Chiral
S
10 /—Q/
F
x x
| is |
N N
& =
//\N N7 (\N N
O\) O\)
(M +H) 457 20 (M + H) 445
Chiral Chiral
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(\ N N (\ N N
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(M + H) 471 50 (M + H) 463
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60 |
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TABLE 3-continued TABLE 3-continued
Still further most preferred compounds of the formulae (I), (IA) and (IB)
and/or physiologically acceptable salts, tautomers and/or Still further most preferred compounds of the formulae (I), (IA) and (IB)
stereoisomers thereof, including mixtures thereof in all ratios. d/or physiologicall table salts. taut Y
HPLC-MS (M + H) 5 and/or physiologically acceptable salts, tautomers and/or

stereoisomers thereof, including mixtures thereof in all ratios.

Chiral HPLC-MS (M + H)
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TABLE 3-continued TABLE 3-continued
) Still further most preferred compounds of the formulae (I), (IA) and (IB)
Still further most preferred compounds of the formulae (I), (IA) and (IB) and/or physiologically acceptable salts, tautomers and/or
and/or physiologically acceptable salts, tautomers and/or stereoisomers thereof, including mixtures thereof in all ratios.
5 HPLC-MS (M + H)

stereoisomers thereof, including mixtures thereof in all ratios.

HPLC-MS M + H) 0

N,
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v Q_</

x N
15 |
N
=
(\ N N ‘e
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20 e}
N
[ : —=
25 N
\ Il\I
N
z
30 N N
s
3 TABLE 4
Further most preferred pyridazine analogues of the formulae (I), (IA) and
(IB) and/or physiologically acceptable salts, tautomers and/or
stereoisomers thereof, including mixtures thereof in all ratios.
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TABLE 4-continued TABLE 4-continued
Further most preferred pyridazine analogues of the formulae (I), (IA) and Further most preferred pyridazine analogues of the formulae (I), (IA) and
(IB) and/or physiologically acceptable salts, tautomers and/or 5 (IB) and/or physiologically acceptable salts, tautomers and/or
stereoisomers thereof, including mixtures thereof in all ratios. stereoisomers thereof, including mixtures thereof in all ratios.
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Further most preferred pyridazine analogues of the formulae (I), (IA) and
(IB) and/or physiologically acceptable salts, tautomers and/or
stereoisomers thereof, including mixtures thereof in all ratios.

OH

The compounds of the formula (I) and also the starting
materials for their preparation are prepared by methods
known per se, as are described in the literature (for example in
standard works, such as Houben-Weyl, Methoden der orga-
nischen Chemie [Methods of Organic Chemistry|, Georg-
Thieme-Verlag, Stuttgart) and/or are known person skilled in
the art, and under reaction conditions which are known and
suitable for the said reactions. Use can also be made here of
variants known per se which are not mentioned here in greater
detail.

Depending on the conditions used, the reaction time is
between a few minutes and 14 days, the reaction temperature
is between -70° C. and 150° C., normally between -50° C.
and 100° C., particularly preferably between —-10° C. and 70°
C.

The reaction is carried out in an inert solvent and generally
in the presence of an acid-binding agent, preferably an
organic base, such as DIPEA, triethylamine, dimethylaniline,
pyridine, quinoline, piperidine or diethanolamine. The addi-
tion of an alkali-metal or alkaline-earth metal hydroxide,
carbonate or bicarbonate or another salt of a weak acid of the
alkali or alkaline-earth metals, preferably of potassium,
sodium, calcium or caesium, may also be favourable. Suitable
bases are metal oxides, such as, for example, aluminium
oxide, alkali-metal hydroxides (including potassium hydrox-
ide, sodium hydroxide and lithium hydroxide), alkaline-earth
metal hydroxides (for example barium hydroxide and cal-
cium hydroxide) and alkali-metal alkoxides (for example
potassium ethoxide and sodium propoxide).

Suitable inert solvents are, inter alia, hydrocarbons, such as
hexane, petroleum ether, benzene, toluene or xylene; chlori-
nated hydrocarbons, such as trichloroethylene, 1,2-dichloro-
ethane, carbon tetrachloride, chloroform or dichloromethane;
alcohols, such as methanol, ethanol, isopropanol, n-propanol,

10

15

20

25

30

40

45

42

n-butanol or tert-butanol; ethers, such as diethyl ether, diiso-
propyl ether, tetrahydrofuran (THF) or dioxane; glycol
ethers, such as ethylene glycol monomethyl or monoethyl
ether, ethylene glycol dimethyl ether (diglyme); ketones,
such as acetone or butanone; amides, such as acetamide,
dimethylacetamide or dimethylformamide (DMF); nitriles,
such as acetonitrile; sulfoxides, such as dimethyl sulfoxide
(DMSO); carbon disulfide; carboxylic acids, such as formic
acid or acetic acid; nitro compounds, such as nitromethane or
nitrobenzene; esters, such as ethyl acetate, or mixtures of the
said solvents. Particular preference is given to DMF, metha-
nol, dichloromethane, THF, acetic acid and acetonitrile.

The process and the subsequent work-up of the reaction
mixture can basically be carried out as a batch reaction or in
a continuous reaction procedure. The continuous reaction
procedure comprises, for example, reaction in a continuous
stirred-kettle reactor, a stirred-kettle cascade, a loop or cross-
flow reactor, a flow tube or in a microreactor. The reaction
mixtures are optionally worked up, as needed, by filtration via
solid phases, chromatography, separation between immis-
cible phases (for example extraction), adsorption onto solid
supports, removal of solvents and/or azeotropic mixtures by
distillation, selective distillation, sublimation, crystallisation,
co-crystallisation or by nanofiltration on membranes.

The compounds of the formula (I) can preferably be
obtained by reacting compounds ofthe formulae (I1T) and (I1I).
The present invention thus also relates to a process for the
preparation of compounds of the formula (I), sub-formulae
thereof and/or physiologically acceptable salts, tautomers
and/or stereoisomers thereof, including mixtures thereof in
all ratios, having the following steps:

(a) reaction of a compound of the formula (IT)

an

NH

A
z

N

O

@
where the compound of the formula (III) or (V)

(I
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-continued

V)

in which R*, L and m have the meaning indicated above,
to give the compounds of the formula (I)

oy
ri—L

X
L
N

N
Z
(\N N

in which R*, L and m have the meaning indicated above,

C

and optionally

(b) conversion of a base or acid of the compounds of the
formula (I) into one of their salts.

For the purposes of the invention, it goes without saying
here that a radical can adopt all meanings given previously in
the description for the corresponding radical by reference to
“the meaning indicated above” without more detailed speci-
fication thereof.

The invention also relates to intermediate compounds of
the formulae (1), (II1), (I1TA), (IIIB), (IV), IVA), AVB), (V),
(VA), (VIA), (VIB), (VIC) and/or (VID)

o0
o

O
NH
N
Né
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RTX
L )m
N
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(1)
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-continued

COOA

(ITIA)

(IIB)

av)

(IVA)

(IVB)
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-continued

V)

(VA)

(VIA)

(VIB)

(VIC)

(VID)

in which R*, L, A and m have the meaning indicated above,

and/or salts, tautomers and/or stereoisomers thereof, includ-
ing mixtures thereof in all ratios.

A preferred COOA group of the compounds of the formu-
lae (IV), IVA) and (IVB) is the Boc protecting group (tert-
butoxycarbonyl radical).

The invention also relates to a process for the preparation of
intermediate compounds of the formula (I1) and/or salts, tau-
tomers and/or stereoisomers thereof, including mixtures
thereof'in all ratios, which follows one, more or all steps of the
following generic reaction scheme:
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_
Hal NI,
)
NI,
—
Hal NI,
)
NI
N
=
Hal N
0
NI
N
=
N =

Y
in which Hal has the meaning indicated above.

The invention preferably relates to a process for the prepa-
ration of intermediate compounds of the formula (II) and/or
salts, tautomers and/or stereoisomers thereof, including mix-
tures thereof in all ratios, which follows one, more or all steps

of the following generic reaction scheme:

e}

F NH;

2
0
NH,

_—

F NH,
o
/©f‘\ L
N
=
F N

¢

R

NH

A\
z

N

O

The invention also relates to a process for the preparation of
intermediate compounds of the formulae (III) and/or (IV)
and/or salts, tautomers and/or stereoisomers thereof, includ-
ing mixtures thereof in all ratios, which follows one or all
steps of the following generic reaction scheme:
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racemate

0. T O
H A AN

in which R*, L and m have the meaning indicated above.

The invention also relates to a process for the preparationof 20
intermediate compounds of the formulae (IIIA) and/or (IVA)
and/or salts, tautomers and/or stereoisomers thereof, includ-
ing mixtures thereof in all ratios, which follows one or all
steps of the following generic reaction scheme:

in which R has the meaning indicated above.

In an analogous process, intermediate compounds of the
formulae (IIIB) and/or (IVB) and/or salts, tautomers and/or 45
stereoisomers thereof, including mixtures thereof'in all ratios,
are prepared.

The invention also relates to a process for the preparation of
chiral piperidine building blocks of the formula (V) and/or
salts, tautomers and/or stereoisomers thereof, including mix- 5,
tures thereof in all ratios, which follows one, more or all steps
of the following generic reaction scheme:
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in which R has the meaning indicated above.

It goes without saying that all above-mentioned precursors
from the reaction schemes for intermediate compounds of the
formulae (II), (I1D), (ITIA), (ITIB), IV), (IVA), (IVB) and (V)
are also included in the scope of protection of the present
invention.

The starting compounds are generally known. If they are
novel, they can be prepared by methods known per se. The
compounds of the formulae (II), (III), (IITA), (IIIB), (IV),
(IVA), IVB) and (V) can be prepared by known methods. If
desired, the starting materials can be formed in situ, so that
they are not isolated from the reaction mixture, but instead are
immediately converted further into the compounds according
to the invention. It is likewise possible to carry out the reac-
tion stepwise.

The said compounds according to the invention can be used
in their final non-salt form. On the other hand, the present
invention also encompasses the use of these compounds in the
form of their pharmaceutically acceptable salts, which can be
derived from various organic and inorganic acids and bases
by procedures known in the art. Pharmaceutically acceptable
salt forms of the compounds of the formula (I) and sub-
formulae thereof are for the most part prepared by conven-
tional methods. If the compounds contain a carboxyl group,
one of its suitable salts can be formed by reacting the com-
pound with a suitable base to give the corresponding base-
addition salt. Such bases are, for example, alkali-metal
hydroxides (for example potassium hydroxide, sodium
hydroxide and lithium hydroxide), alkaline-earth metal
hydroxides (for example barium hydroxide and calcium
hydroxide), alkali-metal alkoxides (for example potassium
ethoxide and sodium propoxide) and various organic bases,
such as piperidine, diethanolamine and N-methylglutamine.
A base of the formula (I) and sub-formulae thereof can be
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converted into the associated acid-addition salt using an acid,
for example by reaction of equivalent amounts of the base and
the acid in an inert solvent, such as, for example, ethanol, with
subsequent evaporation. Suitable acids for this reaction are, in
particular, those which give physiologically acceptable salts,
such as, for example, hydrogen halides (for example hydro-
gen chloride, hydrogen bromide or hydrogen iodide), other
mineral acids and corresponding salts thereof (for example
sulfate, nitrate or phosphate and the like), alkyl- and monoar-
ylsulfonates (for example ethanesulfonate, toluenesulfonate
and benzenesulfonate) and other organic acids and corre-
sponding salts thereof (for example acetate, trifluoroacetate,
tartrate, maleate, succinate, citrate, benzoate, salicylate,
ascorbate and the like. Salts with physiologically unaccept-
able acids, for example picrates, can be used for the isolation
and/or purification of the compounds of the formula (I).

With regard to that stated above, it can be seen that the
expression “pharmaceutically acceptable salt” in the present
connection is taken to mean an active compound which com-
prises a compound of the formula (I) in the form of one of its
salts, in particular if this salt form imparts improved pharma-
cokinetic properties on the active compound compared with
the free form of the active compound. The pharmaceutically
acceptable salt form of the active compound can also provide
this active compound for the first time with a desired phar-
macokinetic property and can even have a positive influence
on the pharmacodynamics of this active compound with
respect to its therapeutic efficacy in the body.

Compounds according to the invention may be chiral
owing to their molecular structure and may accordingly occur
in various enantiomeric forms. They may therefore be in
racemic or optically active form. Since the pharmaceutical
efficacy of the racemates or stereoisomers of the compounds
of the formula (I) may differ, it may be desirable to use the
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enantiomers. In these cases, the end product, or even the
intermediate, may be separated into enantiomeric compounds
by chemical or physical measures known to the person skilled
in the art or already employed as such in the synthesis.

Surprisingly, it has been found that the compounds accord-
ing to the invention cause specific inhibition of serine/threo-
nine protein kinases. The invention therefore furthermore
relates to the use of compounds of the formula (I) or sub-
formulae thereof and/or physiologically acceptable salts, tau-
tomers and/or stereoisomers thereof, including mixtures
thereof in all ratios, for the inhibition of serine/threonine
protein kinases, preferably PIKK and/or ATM, particularly
preferably DNA-PK, very preferably for the inhibition of the
above-mentioned serine/threonine protein kinases in vitro.
The term “inhibition” relates to any reduction in the activity
which is based on the action of the specific compounds
according to the invention in that the latter are capable of
interacting with the target molecule in such a way that recog-
nition, binding and blocking is made possible. The com-
pounds are distinguished by high affinity to at least one
serine/threonine protein kinases, ensuring reliable binding
and preferably complete blocking of the kinase activity. The
compounds are particularly preferably monospecific in order
to guarantee exclusive and direct recognition of the selected
kinase. The term “recognition” relates here to any type of
interaction between the compound and the said target mol-
ecules, in particular covalent or non-covalent bonds, such as,
for example, a covalent bond, hydrophobic/hydrophilic inter-
actions, van der Waals forces, ion attraction, hydrogen bonds,
ligand/receptor interactions, base pairs of nucleotides or
interactions between epitope and antibody binding site.

The compounds according to the invention exhibit an
advantageous biological activity which can be demonstrated
in the tests described herein, such as, for example, enzyme-
based assays. Measurement of the kinase activity is a tech-
nique which is well known to the person skilled in the art.
Generic test systems for the determination of the kinase activ-
ity using substrates, for example histone (Alessi et al. (1996)
FEBS Lett. 399(3): 333) or the basic myelin protein, are
described in the literature (Campos-Gonzalez & Glenney
(1992) JBC 267: 14535). Various assay systems are available
for the identification of kinase inhibitors. In the scintillation
proximity assay (Sorg et al. (2002) J Biomolecular Screening
7: 11) and the flashplate assay, the radioactive phosphoryla-
tion of a protein or peptide as substrate are measured using
ATP. In the presence of an inhibitory compound, a decreased
radioactive signal, or none at all, is detectable. Furthermore,
homogeneous time-resolved fluorescence resonance energy
transfer (HTR-FRET) and fluorescence polarisation (FP)
technologies are useful as assay methods (Sills et al. (2002) J
Biomolecular Screening 191). Other non-radioactive ELISA
methods use specific phospho-antibodies (phospho-ABs).
The phospho-AB binds only the phosphorylated substrate.
This binding can be detected by chemiluminescence using a
second peroxidase-conjugated anti-sheep antibody.

The above-mentioned use of the compounds can take place
in in-vitro or in-vivo models. The susceptibility ofa particular
cell to treatment with the compounds according to the inven-
tion can be determined by testing in vitro. Typically, a culture
of the cell is incubated with a compound according to the
invention at various concentrations for a period of time which
is sufficient to enable the active agents to induce cell death or
to inhibit cell proliferation, cell vitality or migration, usually
between about one hour and one week. For testing in vitro,
cultivated cells from a biopsy sample can be used. The
amount of cells remaining after the treatment is then deter-
mined. The use in vitro takes place, in particular, on samples
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of'mammal species which are suffering from cancer, tumours,
metastases, angiogenesis disorders, retroviral diseases,
immune diseases and/or pathogenic ageing processes. The
host or patient can belong to any mammal species, for
example a primate species, in particular humans, but also
rodents (including mice, rats and hamsters), rabbits, horses,
cows, dogs, cats, etc. Animal models are of interest for experi-
mental investigations, providing a model for the treatment of
a human disease.

Thetesting of a plurality of specific compounds enables the
selection of the active compound which appears the most
suitable for the treatment of the patient. The in-vivo dose of
the selected compound is advantageously matched to the
susceptibility of the kinase and/or severity of the disease of
the patient taking into account the in-vitro data, as a result of
which the therapeutic efficacy is noticeably increased. The
dose varies depending on the specific compound used, the
specific disease, the patient status, etc. A therapeutic dose is
typically sufficient considerably to reduce the undesired cell
population in the target tissue, while the viability of the
patient is maintained. The following teaching of the invention
and embodiments thereof relating to the use of compounds of
the formula (I) for the preparation of a medicament for the
prophylaxis, therapy and/or progress control is valid and can
be applied without restrictions to the use of the compounds
for the inhibition of the kinase activity, if it appears appropri-
ate.

The treatment is generally continued until a considerable
reduction has occurred, for example at least about 50% reduc-
tion of the cell load, and can be continued until essentially no
more undesired cells are detected in the body. In tests of this
type, the compounds according to the invention exhibit and
cause an inhibiting effect, which is usually documented by
1C,, values in a suitable range, preferably in the micromolar
range and more preferably in the nanomolar range. The
kinase is inhibited, in particular, to the extent of 50% if the
concentration of the compounds is less than 1 uM, preferably
equal to or less than 0.5 uM, particularly preferably less than
0.1 uM. This concentration is called the IC,, value.

The invention also relates to a medicament comprising at
least one compound of the formula (I) or sub-formulae
thereof and/or physiologically acceptable salts, tautomers
and/or stereoisomers thereof, including mixtures thereof in
all ratios. The invention also relates to a pharmaceutical com-
position comprising, as active compound, an effective
amount of at least one compound of the formula (I) or sub-
formulae thereof and/or physiologically acceptable salts, tau-
tomers and/or stereoisomers thereof, including mixtures
thereof in all ratios, together with pharmaceutically tolerated
assistants.

A “medicament”, “drug” and a “pharmaceutical composi-
tion” or “pharmaceutical formulation” here is any composi-
tion which can be employed in the prophylaxis, therapy,
progress control or aftertreatment of patients who, at least
temporarily, exhibit a pathogenic modification of the overall
condition or the condition of individual parts of the patient
organism, preferably as a consequence of cancer, tumours,
metastases, angiogenesis disorders, retroviral diseases,
immune diseases and/or accelerated ageing processes, par-
ticularly preferably as a consequence of cancer, tumours,
metastases and/or angiogenesis disorders.

In order to increase the protective or therapeutic action of
the compounds according to the invention, pharmaceutically
tolerated adjuvants can be added. For the purposes of the
invention, any substance which facilitates, enhances or modi-
fies an effect with the compounds in accordance with the
invention is an “adjuvant”. Known adjuvants are, for
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example, aluminium compounds, such as, for example, alu-
minium hydroxide or aluminium phosphate, saponins, such
as, for example, QS 21, muramyl dipeptide or muramyl trip-
eptide, proteins, such as, for example, gamma-interferon or
TNF, MF 59, phosphatdibylcholine, squalene or polyols. The
co-application of egg albumin in complete Freund’s adjuvant
can likewise cause increased cell-mediated immunity and
thus support the action of neutralising antibodies formed.
Furthermore, DNA, which has an immunostimulatory prop-
erty, or which encodes a protein with an adjuvant effect, such
as, for example, a cytokine, can be applied in parallel or in a
construct.

The introduction of the pharmaceutical composition into a
cell or organism can be carried out in accordance with the
invention in any manner which enables the kinases to be
brought into contact with the compounds present in the com-
position, as a consequence of which a response is induced.
The pharmaceutical composition of the present invention can
be administered orally, transdermally, transmucosally, tran-
surethrally, vaginally, rectally, pulmonarily, enterally and/or
parenterally. The type of administration selected depends on
the indication, the dose to be administered, individual-spe-
cific parameters, etc. In particular, the various types of admin-
istration facilitate site-specific therapy, which minimises side
effects and reduces the active-compound dose. Very particu-
larly preferred injections are intradermal, subcutaneous,
intramuscular or intravenous injection. The administration
can be carried out, for example, with the aid of so-called
vaccination guns or by means of syringes. It is also possible to
prepare the substance as an aerosol, which is inhaled by the
organism, preferably a human patient.

The administration forms of the pharmaceutical composi-
tion are prepared corresponding to the desired type of admin-
istration in a suitable dosage and in a manner known per se
using the conventional solid or liquid vehicles and/or diluents
and the assistants usually employed. Thus, pharmaceutically
acceptable excipients known to the person skilled in the art
can basically form part of the pharmaceutical composition
according to the invention, where the amount of excipient
material which is combined with the active compound in
order to prepare a single dose varies depending on the indi-
vidual to be treated and the type of administration. These
pharmaceutically tolerated additives include salts, buffers,
fillers, stabilisers, complexing agents, antioxidants, solvents,
binders, lubricants, tablet coatings, flavours, dyes, preserva-
tives, adjusters and the like. Examples of excipients of this
type are water, vegetable oils, benzyl alcohols, alkylene gly-
col, polyethylene glycol, glycerol triacetate, gelatine, carbo-
hydrates, such as, for example, lactose or starch, magnesium
stearate, talc and Vaseline.

The pharmaceutical formulation can be in the form of a
tablet, film tablet, dragee, lozenge, capsule, pill, powder,
granules, syrup, juice, drops, solution, dispersion, suspen-
sion, suppository, emulsion, implant, cream, gel, ointment,
paste, lotion, serum, oil, spray, aerosol, adhesive, plaster or
bandage. Oral administration forms which are prepared are
preferably tablets, film tablets, dragees, lozenges, capsules,
pills, powders, granules, syrups, juices, drops, solutions, dis-
persions or suspensions—including as depot form. Further-
more, parenteral medicament forms, such as, for example,
suppositories, suspensions, emulsions, implants or solutions,
should be considered, preferably oily or aqueous solutions.
For topical application, the medicament active compound is
formulated in a conventional manner with at least one phar-
maceutically acceptable vehicle, such as, for example, micro-
crystalline cellulose, and optionally further assistants, such
as, for example, moisturisers, to give solid formulations
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which can be applied to the skin, such as, for example,
creams, gels, ointments, pastes, powders or emulsions, or to
give liquid formulations which can be applied to the skin,
such as, for example, solutions, suspensions, lotions, sera,
oils, sprays or aerosols. The pharmaceutical composition is
preferably in the form of an injection solution. For the prepa-
ration of the injection solution, aqueous media, such as, for
example, distilled water or physiological salt solutions, can
be used, where the latter include acidic and basic addition
salts. The pharmaceutical composition may also be in the
form of a solid composition, for example in the lyophilised
state, and can then be prepared before use by addition of a
dissolving agent, such as, for example, distilled water. The
person skilled in the art is familiar with the basic principles of
the preparation of lyophilisates.

The concentration of the active compound in the formula-
tion can be 0.1 to 100 percent by weight. It is crucial that the
pharmaceutical composition comprises, as active compound,
an effective amount of the compound together with the phar-
maceutically tolerated assistants. The terms “effective
amount” or “effective dose” are used interchangeably herein
and denote an amount of the pharmaceutical active compound
which has a prophylactically or therapeutically relevant
action on a disease or pathological change in cell, tissue,
organ or mammal. A “prophylactic action” prevents the out-
break of a disease or even infection with a pathogen after
ingress of individual representatives in such a way that sub-
sequent spread thereof is greatly reduced or they are even
completely deactivated. A “prophylactic action” also
includes an increase in normal physiological function. Pro-
phylaxis is advisable, in particular, if an individual has pre-
dispositions for the onset of the above-mentioned diseases,
such as, for example, a family history, a gene defect or a
recently survived disease. A “therapeutically relevant action”
frees in part or full from one, more than one or all disease
symptoms or results in the partial or complete reversal of one,
more than one or all physiological or biochemical parameters
which are associated with or causally involved in the disease
or pathological change into the normal state. Progress control
is also taken to be a type of therapeutic treatment if the
compounds are administered at certain time intervals, for
example in order completely to eliminate the symptoms of a
disease. The respective dose or dose range for the adminis-
tration of the compounds according to the invention is suffi-
ciently large to achieve the desired prophylactic or therapeu-
tic effect of induction of a biological or medical response. In
general, the dose will vary with the age, constitution and
gender of the patient, and the severity of the disease will be
taken into account. It goes without saying that the specific
dose, frequency and duration of administration are, in addi-
tion, dependent on a multiplicity of factors, such as, for
example, the targeting and binding ability of the compounds,
feeding habits of the individual to be treated, type of admin-
istration, excretion rate and combination with other drugs.
The individual dose can be adjusted both with respect to the
primary disease and also with respect to the occurrence of any
complications. The precise dose can be established by a per-
son skilled in the art using known means and methods. This
teaching of the invention is valid and can be applied without
restrictions to the pharmaceutical composition comprising
the compounds of the formula (1), if it appears appropriate.

In an embodiment of the invention, the compounds are
administered in a dose of 0.01 mg to 1 g per dosage unit,
preferably between 1 to 700 mg, particularly preferably 5 to
100 mg. The daily dose is in particular between 0.02 and 100
mg/kg of body weight.
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In order to support the medical effect, the pharmaceutical
composition may, in an embodiment of the invention, also
comprise one or more further active compounds, where
simultaneous or successive administration is conceivable.
The therapeutic effect of the pharmaceutical composition
according to the invention can consist, for example, in certain
anticancer agents having a better action through the inhibition
of DNA-PK as a desired side effect or in the number of side
effects of these medicaments being reduced by the reduction
in the dose.

In a preferred embodiment of the invention, the pharma-
ceutical composition according to the invention is combined
with an anticancer agent. As used here, the term “anticancer
agent” relates to any agent which is administered to a patient
with cancer, tumours, metastases and/or angiogenesis disor-
ders for the purpose of treatment of the cancer. The anticancer
agent is particularly preferably selected from the group com-
prising cytokines, chemokines, pro-apoptotic agents, inter-
ferons, radioactive compounds, oestrogen receptor modula-
tors, androgen receptor modulators, retinoid receptor
modulators, cytotoxic agents, cytostatic agents, prenyl-pro-
tein transferase inhibitors and angiogenesis inhibitors or
combinations thereof. It is preferred for the anticancer agent
to modify, in particular reduce, nucleic acid and/or protein
metabolism, cell division, DNA replication, purine, pyrimi-
dine and/or amino acid biosynthesis, gene expression, nRNA
processing, protein synthesis, apoptosis or combinations
thereof.

The invention can also be practised as a kit which com-
prises the compounds according to the invention. The kit
consists of separate packs of (a) an effective amount of a
compound of the formula (I) and/or physiologically accept-
able salts, tautomers and/or stereoisomers thereof, including
mixtures thereof in all ratios, and (b) an effective amount of a
further active compound. The kit comprises suitable contain-
ers, such as, for example, boxes or cartons, individual bottles,
bags or ampoules. The kit may, for example, comprise sepa-
rate ampoules, each containing an effective amount of a com-
pound of the formula (I) and/or pharmaceutically usable salts,
tautomers and/or stereoisomers thereof, including mixtures
thereof in all ratios, and an effective amount of a further
medicament active compound in dissolved or lyophilised
form. The kit of the invention may also contain an article
which contains written instructions or points the user towards
written instructions which explain the handling of the com-
pounds of the invention.

In accordance with the invention, the compounds of the
formula (I) or sub-formulae thereof and/or physiologically
acceptable salts, tautomers and/or stereoisomers thereof,
including mixtures thereof in all ratios, are used for the pro-
phylaxis, therapy and/or progress control of diseases which
are caused, promoted and/or spread by the activity of serine/
threonine protein kinases. The present invention therefore
also relates to the use of compounds of the formula (I) or
sub-formulae thereof and/or physiologically acceptable salts,
tautomers and/or stereoisomers thereof, including mixtures
thereof in all ratios, for the preparation of a medicament for
the prophylaxis, therapy and/or progress control of diseases
which are caused, promoted and/or spread by the activity of
serine/threonine protein kinases. In accordance with the
invention, compounds of the formula (I) or sub-formulae
thereof and/or physiologically acceptable salts, tautomers
and/or stereoisomers thereof, including mixtures thereof in
all ratios, are suitable for use in the prophylaxis, therapy
and/or progress control of diseases which are caused, pro-
moted and/or spread by activity of serine/threonine protein
kinases. For the identification of a corresponding signalling
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pathway and in order to detect interactions between various
signalling pathways, suitable models or model systems have
been developed, for example cell culture models (Khwaja et
al. (1997) EMBO 16: 2783) and models of transgenic animals
(White et al. (2001) Oncogene 20: 7064). In order to deter-
mine certain stages in the signalling cascade, interacting com-
pounds can be used in order to modulate the signal (Stephens
et al. (2000) Biochemical J 351: 95). In addition, the com-
pounds according to the invention can also be used as reagents
for testing kinase-dependent signalling pathways in animals
and/or cell culture models or in the clinical diseases men-
tioned in this application. As discussed herein, these signal-
ling pathways are relevant for various diseases. Accordingly,
the compounds according to the invention are useful in the
prophylaxis, therapy and/or progress control of diseases
which are dependent on signalling pathways with participa-
tion by serine/threonine protein kinases.

In accordance with the invention, the compounds of the
formula (I) or sub-formulae thereof and/or physiologically
acceptable salts, tautomers and/or stereoisomers thereof,
including mixtures thereof in all ratios, are suitable for use in
the prophylaxis, therapy and/or progress control of cancer,
tumours, metastases, angiogenesis disorders, retroviral dis-
eases and/or immune diseases, in particular cancer, tumours,
metastases and/or angiogenesis disorders. In accordance with
the invention, the compounds of the formula (I) or sub-for-
mulae thereof and/or physiologically acceptable salts, tau-
tomers and/or stereoisomers thereof, including mixtures
thereof in all ratios, are also suitable for use in the slowing of
ageing processes, where the slowing takes place with refer-
ence to the comparison of the life span of the treated host or
cells, cell cultures, tissues or organs thereof with correspond-
ing positive or negative controls and/or statistics. It goes
without saying that the host of the pharmaceutical com-
pounds is also included in the scope of protection of the
present invention.

The tumour is, in particular, selected from the group of
diseases of squamous epithelium, bladder, stomach, kidneys,
head, neck, oesophagus, cervix, thyroid, intestine, liver,
brain, prostate, urogenital tract, lymphatic system, larynx,
lung, skin, blood and immune system, and/or the cancer is
selected from the group of monocytic leukaemia, lung adeno-
carcinoma, small-cell lung carcinoma, pancreatic cancer,
glioblastoma, bowel carcinoma, breast carcinoma, acute
myeloid leukaemia, chronic myeloid leukaemia, acute lym-
phatic leukaemia, chronic lymphatic leukaemia, Hodgkin’s
lymphoma and non-Hodgkin’s lymphoma.

A further embodiment of the present invention relates to
the compounds according to the invention in combination
with radiotherapy and/or with at least one further active com-
pound, preferably in combination with radiotherapy and/or
an anticancer agent. Industrial irradiation methods which are
used clinically preferably include photon irradiation (classi-
cal, electromagnetic X-ray/gamma radiation), proton irradia-
tion, heavy-ion irradiation (ionised carbon) and neutron irra-
diation, without being restricted thereto. These radiotherapies
and other suitable irradiation therapies in the sense of the
invention are known to the person skilled in the art, such as,
for example, from Herrmann et al. (2006) Klinische Strahl-
enbiologie [Clinical Radiation Biology], Elsevier Munich,
4th Edition, 67-68; Bhide & Nutting (2010) BMC Medicine
8: 25; Choi & Hung (2010) Current Urology Reports 11(3):
172. As the most frequent application, photon irradiation has
been refined technically by the IMRT (intensity-modulated
radiotherapy) method and by imaging methods (three-dimen-
sional conformal radiotherapy) in irradiation planning and
performance for the most precise focusing possible. The com-
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pounds according to the invention achieve synergistic effects
in existing cancer chemotherapies and irradiations and/or
restore the efficacy of existing cancer chemotherapies and
irradiations. The synergistic action of the inhibition of VEGF
in combination with radiotherapy is described in the prior art
(WO 2000/61186). The further medicament active com-
pounds are particularly preferably chemotherapeutic agents
which inhibit angiogenesis and thus inhibit the growth and
spread of tumour cells. Examples thereof are VEGF receptor
inhibitors, comprising ribozymes and antisense which are
directed at VEGF receptors, and angiostatin and endostatin.
Further examples of antineoplastic agents which can be used
in combination with the compounds according to the inven-
tion generally include alkylating agents, antimetabolites, epi-
dophyllotoxin, an antineoplastic enzyme, a topoisomerase
inhibitor, procarbazine, mitoxantrone or platinum coordina-
tion complexes. In another embodiment, the anticancer agent
is particularly preferably selected from the group of oestro-
gen receptor modulator, androgen receptor modulator, retin-
oid receptor modulator, cytotoxic agent, cytostatic agent, pre-
nyl-protein transferase inhibitor and angiogenesis inhibitor.
In addition, the previous teaching of the invention and
embodiments thereof relating to pharmaceutical composition
is valid and can be applied without restrictions to the second
medical indication, if it appears appropriate. A very particu-
larly preferred embodiment encompasses the compounds
according to the invention in combination with radiotherapy
and/or a cytostatic agent.

Still a further embodiment of the invention relates to the
use of at least one compound of the formula (I) and/or physi-
ologically acceptable salts, tautomers and/or stereoisomers
thereof, including mixtures thereof in all ratios, for the sen-
sitisation of cancer cells to an anticancer agent and/or ionis-
ing radiation, with the proviso that the sensitisation does not
take place in vivo on the human or animal body. The sensiti-
sation preferably takes place ex vivo or in vitro by adminis-
tering the compounds to cells, cell cultures, tissues or organs
which comprise serine/threonine protein kinases. The ex-
vivo useis used, in particular, in the case of animal cells which
originate from an animal organism which is affected by a
disease which is selected from the group of cancer, tumours,
metastases and/or angiogenesis disorders. The cells treated ex
vivo can either continue to be kept in culture for subsequent
investigations or transferred into an animal, which can be the
host animal or another animal. The ex-vivo sensitisation
according to the invention is particularly advantageous for
testing the specific action of the compounds, so that the in-
vivo dose can be preadjusted correspondingly with evaluation
of these ex-vivo data. As a result thereof, the therapeutic
effect is increased significantly. Alternatively, the invention is
also designed for use in-vivo and relates to at least one com-
pound of the formula (I) and/or physiologically acceptable
salts, tautomers and/or stereoisomers thereof, including mix-
tures thereofin all ratios, for use for the sensitisation of cancer
cells to an anticancer agent and/or ionising radiation.

The invention furthermore teaches a method for the pro-
phylaxis, therapy and/or progress control of cancer, tumours,
metastases, angiogenesis disorders, retroviral diseases,
immune diseases and/or ageing processes in which an effec-
tive amount of at least one compound according to the inven-
tion and/or physiologically acceptable salts, tautomers and/or
stereoisomers thereof, including mixtures thereof'in all ratios,
is administered to a subject to be treated. Preferred subjects in
the sense of the invention are humans or animals, particularly
preferably humans. It is known to the person skilled in the art
here that he can administer the compounds according to the
invention, which can of course also be used as the pharma-
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ceutical composition according to the invention, in various
doses to an organism, in particular a human patient. The
effective amount and the type of administration can be deter-
mined by the person skilled in the art by routine experiments.
The previous teaching of the invention and embodiments
thereof are valid and can be applied without restrictions to the
treatment method, if it appears appropriate.

All said and further constituents or components are famil-
iarto the person skilled in the art and can experience a specific
embodiment for the teaching according to the invention in
routine experiments. All documents cited in the description
are hereby intended to be incorporated in their entirety into
the disclosure of the present invention as reference.

As part of the invention presented here, novel morpholi-
nylbenzotriazine compounds of the formula (I) were pro-
vided for the first time. The compounds according to the
invention control serine/threonine protein kinases, in particu-
lar DNA-PK, affinitively and/or selectively. The compounds
from formula (1) and derivatives thereof are distinguished by
high specificity and stability, low preparation costs and easy
handling. These properties form the basis for a reproducible
mode of action, including the absence of cross-reactivities,
and reliable and safe interaction with the corresponding target
structures. The invention also includes the use of the present
morpholinylbenzotriazine derivatives for the inhibition, regu-
lation and/or modulation of the signalling cascade of serine/
threonine protein kinases, in particular DNA-PK, and thus
offers novel tools for research and/or diagnostics.

Medicaments and pharmaceutical compositions which
comprise the said compounds and the use of these compounds
for the treatment of kinase-promoted disorders are, in addi-
tion, a highly promising approach for a broad spectrum of
therapies, enabling direct and immediate alleviation of symp-
toms to be achieved in humans and animals. This is particu-
larly advantageous for effective combating of severe diseases,
such as cancer, either as monotherapy or in combination with
other antineoplastic therapies. The key participation by DNA-
PK in DNA repair processes and the evidence that the DNA-
PK inhibitors allows mammal cells to become more radia-
tion-sensitive enable therapeutic use of DNA-PK or DNA-
PK/ATM or ATM-specific inhibitors as part of the treatment
of, for example, solid cancer tumours by radiotherapy and/or
chemotherapy aimed at DNA-DSBs. The compounds of the
formula (1), salts, isomers, tautomers, enantiomers, diastere-
omers, racemates, derivatives, prodrugs and/or metabolites
thereof are effective not only in the case of the said clinical
disease pictures, but likewise in the diagnosis and therapy of
all diseases in connection with the DNA-PK signalling cas-
cade, in particular with respect to the inhibition of cell pro-
liferation and migration. In addition, the inhibitors according
to the invention can be used in the treatment of retroviral
diseases by suppression of retroviral integration (R. Daniel
(1999) Science 284: 644). Finally, the inhibitors according to
the invention can be employed as immunomodulators and
modulators of telomeric maintenance. The low-molecular-
weight inhibitors are used individually and/or in combination
with other treatment measures, such as, for example, surgical
interventions, immunotherapy, radiotherapy and/or chemo-
therapy. The latter relate to targeted therapy with any desired
NME (i.e. NCE and/or NBE) as monotherapy and/or on-
target/off-target combination therapy.

Owing to their surprisingly strong and/or selective inhibi-
tion of enzymes which regulate cellular processes via the
repair of dsDNA, the compounds of the invention can be
administered in advantageously low dose, while they achieve
a similar or even superior biological efficacy compared with
the less-potent or less-selective inhibitors of the prior art. The
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reduced dose is also accompanied by reduced or no medical
side effects. In addition, the highly selective inhibition by the
compounds according to the invention is also reflected by a
reduction in undesired side effects, which is independent of
the dose. In particular, the compounds according to the inven-
tion have no hERG activity. This lack of activity is ascribed to
the benzotriazine skeleton.

It goes without saying that this invention is not restricted to
the specific compounds, pharmaceutical compositions, uses
and methods as described herein, since such things can be
varied. It furthermore goes without saying that the terminol-
ogy used here serves exclusively the purpose of description of
particular embodiments and is not intended to restrict the
scope of protection of the invention. As used here in the
specification, including the appended claims, word forms in
the singular, such as, for example, “a” or “the”, include the
equivalent in the plural, so long as the context does not spe-
cifically indicate otherwise. For example, the reference to “a
compound” includes a single compound or a plurality of
compounds, which may in turn be identical or different, or the
reference to “a method” includes equivalent steps and meth-
ods which are known to the person skilled in the art.

The invention is explained in greater detail below with
reference to non-limiting examples of specific embodiments.
The examples should, in particular, be interpreted as not
being restricted to the feature combinations specifically illus-
trated, but instead the illustrative features can in turn be freely
combined so long as the object of the invention is achieved.

Above and below, all temperatures are indicated in ° C. In
the following examples, “conventional work-up” means:
water is added if necessary, the pH is adjusted, if necessary, to
values between 2 and 10, depending on the constitution of the
end product, the mixture is extracted with ethyl acetate or
dichloromethane, the phases are separated, the organic phase
is dried over sodium sulfate, evaporated and purified by chro-
matography on silica gel and/or by crystallisation. Rf values
on silica gel; eluent: ethyl acetate/methanol 9:1.

NMR (1H) was carried out with the following parameters.

Instruments: Bruker Avance DRX 500, Bruker Avance 400,
Bruker DPX 300

Reference: TMS

TD (time domain=number of data points or digital resolu-
tion): 65536

Solvent: DMSO d6
NS (number of scans): 32

SF (spectrometer frequency=transmission frequency): 500
MHz

TE (temperature): 303 K HPLC-MS was carried out with the
following parameters.

Instrument: Agilent Technologies 1200 series

Methods: ESI1 ROD.M and POLAR.M (3.8 min., solvent
gradient)

Column: ChromolithSpeedROD RP18e50-4.6

Solvent: acetonitrile+0.05% of HCOOH/deionised water+
0.04% of HCOOH

Detection wavelength: 220 nm
MS type: API-ES
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EXAMPLE 1

Synthesis of
7-morpholin-4-yl-3H-benzo[d]-1,2,3-triazin-4-one

CO:H Epe), HOBY, NEtiPr
DMF, NHyMeOH
G E=77%
F NI,
CONH,
NaNO,, HCL, H,0
G E = 65%
F NI,

NH

A

F N

morpholine
120°C,E=67%

NH

A\

59.23 g (0.387 mol) of benzotriazol-1-ol, 65.776 ml (0.387
mol) of N-ethyldiisopropylamine and 74.15 g (0.387 mol) of
N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide  hydro-
chloride were added successively at room temperature to a
solution of 50.0 g (0.322 mol) of 2-amino-4-fluorobenzoic
acid in 600 ml of dimethylformamide. 64.46 ml (0.451 mol)
of' ammonia in methanol (7 mol/l) were added dropwise with
stirring, and the mixture was stirred for 18 hours. Water (2 1)
and concentrated sodium chloride solution (0.5 1) were added
to the batch. The mixture was extracted three times with ethyl
acetate (0.75 1 each time). The organic phase was dried over
sodium sulfate, filtered, and the solvent was subsequently
stripped off in a Rotavapor. The residue was triturated with
2-methoxy-2-methylpropane (0.2 1) and ligroin (0.1 1). The
crystalline precipitate was filtered off with suction and dried
in a drying cabinet, giving 44.5 g of 2-amino-4-fluorobenza-
mide as solid. 35.85 g (0.520 mol) of sodium nitrite in 75 ml
of water were added dropwise at room temperature to a sus-
pension 0f44.5 g (0.289 mol) of 2-amino-4-fluorobenzamide
in 1.4 1 of hydrochloric acid (25%). The mixture was stirred
for 2 hours with ice-cooling. The deposited precipitate was
filtered off with suction, rinsed with water and dried at 60° C.
in a vacuum drying cabinet, giving 32.58 g of 7-fluoro-3H-
benzo[d]-1,2,3-triazin-4-one as solid; HPLC/MS (M+H)*
=166; '"H NMR (300 MHz, DMSO) 8 8.32 (dd, J=8.8, 5.7,
1H), 7.87 (dd, J=9.0, 2.5, 1H), 7.64 (td, J=8.7, 2.5, 1H).

32.5 g (0.196 mol) of 7-fluoro-3H-benzo[d]-1,2,3-triazin-
4-one were heated at 120° C. for 5 hours in 300 ml of mor-
pholine with stirring. The precipitated product was filtered off
with suction at 50° C., the precipitate was washed with water,
filtered off with suction and dried in a vacuum drying cabinet
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for 48 hours, giving 30.5 g of 7-morpholin-4-yl-3H-benzo
[d]-1,2,3-triazin-4-one as solid; 'H NMR (500 MHz, DMSO)
d 8.00 (d, J=9.0, 1H), 7.52 (dd, J=9.0, 2.6, 1H), 7.39 (dd,
J=22.8, 2.6, 1H), 3.78 (dd, J=17.1, 12.3, 4H), 3.45 (dd,
J=17.1,12.3, 4H).

EXAMPLE 2

Synthesis of Thiazolylpiperidine

e}

MeNHOMe, PyBop
NEt;, DCM

B ——
-1°Cort; E=82%

dloxa.ne
NaHCOg

oY, 2

E= 88%

310 ml (2.24 mol) of triethylamine were added at room
temperature with stirring to a solution of 500 g (2.18 mol) of
(S)-piperidine-1,3-dicarboxylic acid 1-tert-butyl ester in 2.5 1
of dichloromethane. After 15 minutes, the reaction mixture
was cooled to —=1° C., and 1135 g (2.18 mol) of benzotriazol-
1-yloxytripyrrolidinophosphonium  hexafluorophosphate,
234 g (2.4 mol) of N,O-dimethylamine hydrochloride and
320 g (2.31 mol) of triethylamine were successively added
dropwise. After 15 minutes, the reaction mixture was warmed
to room temperature and stirred for 18 hours. The reaction
mixture was diluted with 3 1 of dichloromethane, washed with
water, dried over sodium sulfate and evaporated to give an oil.
The resultant oil (1.5 kg) was chromatographed over silica
gel, giving 489 g of tert-butyl (S)-3-(methoxymethylcarbam-
oyl)piperidine-1-carboxylate as oil; rotation value in metha-
nol [a]*°,=+19.3°; 'H NMR (400 MHz, DMSO) § 3.94 (d,
J=10.1, 1H), 3.86 (d, J=12.3, 1H), 3.72 (s, 3H), 3.10 (s, 3H),
2.74 (d, J=9.8, 3H), 1.81 (d, I=12.8, 1H), 1.71-1.61 (m, 1H),
1.60-1.48 (m, 2H), 1.39 (d, J=8.2, 9H).

136.6 g (0.32 mol) of n-butyllithium (15% in n-hexane)
were added dropwise at —68° C. to a solution of 25 g (0.291
mol) of thiazole in 1 1 of tetrahydrofuran. The mixture was
warmed to 0° C. and subsequently cooled to —40° C. This
mixture was then added dropwise to a solution of 79.2 g
(0.291 mol) of tert-butyl (S)-3-(methoxymethylcarbamoyl)
piperidine-1-carboxylate in 1.4 1 of tetrahydrofuran at —50°
C. The reaction mixture was then slowly warmed to 0° C., and
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2 1 of ice-water were added. After addition of 2 1 of water and
2 1 of saturated sodium chloride solution, the crude mixture
was extracted with a total of 4 1 of ethyl acetate. The organic
phase was washed with saturated sodium chloride solution,
dried over sodium sulfate and evaporated. The crude product
(87 g) was chromatographed over a silica-gel column, giving
76.4 g of tert-butyl (S)-3-(thiazole-2-carbonyl)piperidine-1-
carboxylate as brown resin; rotation value in methanol
[a]*°,=+27.4° 'H NMR (500 MHz, DMSO) & 8.22 (d,
J=3.0, 1H), 8.17 (d, I=3.0, 1H), 4.22-3.86 (m, 1H), 3.84-3.69

nBul.i, thiazole
THF

B
-68° C.-1t; E=89%

(s-Bu);BH-Li*, THF
(t-BuO);ALH'Li*, THF

tBuPh,SiCl
1m1dazole

(m, 2H), 3.60-3.52 (m, 1H), 3.20-3.05 (m, 1H), 2.08-1.92 (m,
2H), 1.89-1.60 (m, 2H), 1.35 (s, 9H).

Under a nitrogen atmosphere, 0.5 g (1.69 mmol) of tert-
butyl (S)-3-(thiazole-2-carbonyl)-piperidine-1-carboxylate
were dissolved in 20 ml of tetrahydrofuran, and 3.374 ml
(3.374 mmol) of lithium tri-sec-butylborohydride (1.0 M
solution in tetrahydrofuran) were subsequently added drop-
wise at room temperature. After 60 minutes, 20 ml of acetic
acid (10%) were added. Water, saturated sodium chloride
solution and ethyl acetate were then added successively. The
organic phase was separated off, the aqueous phase was post-
extracted with ethyl acetate, and the combined organic phases
were subsequently dried over sodium sulfate, filtered off and
evaporated, giving 0.5 g of tert-butyl (S)-3-(hydroxythiazol-
2-yl-methyl)piperidine-1-carboxylate as diastereomer mix-
ture of the S-piperidine in the ratio 70:30 (polar:nonpolar);
HPLC/MS (M+H)*=299.

Under a nitrogen atmosphere, 17.2 g (0.058 mol) of tert-
butyl (S)-3-(thiazole-2-carbonyl)-piperidine-1-carboxylate
were dissolved in 200 ml of tetrahydrofuran, and 121.8 ml
(0.122 mol) of lithium tri-tert-butoxyaluminium hydride (1.0
M solution in tetrahydrofuran) were subsequently added
dropwise between -4 and +2° C. The reaction mixture was
stirred at 0° C. for 30 minutes and then at room temperature
for 1 hour. Ice-water was subsequently added, during which
the temperature rose to 1° C. After addition of saturated
sodium chloride solution and ethyl acetate, the inorganic
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residue was filtered off. Water and saturated sodium chloride
solution were added to the filtrate, which was then extracted
with ethyl acetate, and the organic phase was evaporated,
giving 19.0 g of tert-butyl (S)-3-(hydroxythiazol-2-ylmethyl)
piperidine-1-carboxylate as diastereomer mixture of the S-pi-
peridine in the ratio 30:70 (polar:nonpolar); HPLC/MS
(M+H)*=299; rotation value in methanol [a]*° ,=+4.80. 'H
NMR (400 MHz, DMSO) § 7.72 (dd, J=14.9, 3.3, 1H), 7.62
(dd, J=3.2, 0.8, 1H), 6.22 (dd, J=11.4, 5.3, 1H), 4.66 (dd,
J=9.8, 4.6, 1H), 3.82 (1, J=11.8, 2H), 2.71-2.54 (m, 2H),
1.88-1.72 (m, 1H), 1.73-1.57 (m, 2H), 1.40-1.30 (m, 11H).

6.91 g (0.102 mol) of imidazole and 26.435 ml1 (0.201 mol)
of'tert-butyldiphenylchlorosilane were added successively at
22° C. to a solution of 19 g (0.058 mol) of tert-butyl (S)-3-
(hydroxythiazol-2-yl-methyl)piperidine-1-carboxylate [di-
astereomer mixture] in 250 ml of dichloromethane. 250 ml of
ice-water were added to the reaction mixture. The organic
phase was dried over sodium sulfate, filtered and evaporated.
The crude product was chromatographed over silica gel, giv-
ing 3.44 g of tert-butyl (S)-3-[(R)-(tert-butyldiphenylsilany-
loxy)thiazol-2-ylmethyl|piperidine-1-carboxylate (rotation
value in methanol [a]*°,=+28.00) and 1.19 g of tert-butyl
(8)-3-[(S)-(tert-butyldiphenylsilanyloxy)thiazol-2-ylm-
ethyl]-piperidine-1-carboxylate (rotation value in methanol
[a]*°,;=-1.3°); HPLC/MS (M+H)*=537.

30 ml of hydrogen chloride (4 M in 1,4-dioxane) were
added dropwise at +5° C. to a solution 0of 1.08 g (2.0 mmol) of
tert-butyl  (S)-3-[(S)-(tert-butyldiphenylsilanyloxy)thiazol-
2-ylmethyl]-piperidine-1-carboxylate in 30 ml of dichlo-
romethane. The reaction mixture was stirred at room tem-
perature for 2 hours. Evaporation gave 1.03 g of (S)-3-[(S)-
(tert-butyldiphenylsilanyloxy)thiazol-2-yl-methyl]
piperidinium hydrochloride; HPLC/MS (M+H)*=437;
rotation value in methanol [c.]*° ,=—18.1°. The hydrochloride
was dissolved in 10 ml of water, cooled in an ice bath, and 1
ml of sodium hydroxide solution (2 M) was added dropwise.
The precipitate was taken up with ethyl acetate, washed with
saturated sodium chloride solution, dried over sodium sufate,
filtered and evaporated, giving 0.8 g of (S)-3-[(S)-(tert-butyl-
diphenylsilanyloxy)thiazol-2-ylmethyl|piperidine as amor-
phous resin; HPLC/MS (M+H)*=437; rotation value in
methanol [a]*°;=-22.1°. '"H NMR (400 MHz, DMSO) 3§
7.69-7.56 (m, 4H), 7.52-7.38 (m, 6H), 7.38-7.26 (m, 2H),
4.84 (d, J=6.6, 1H), 4.03 (q, I=7.1, 1H), 2.94 (d, J=11.2, 1H),
2.73 (d, J=11.8, 1H), 2.25-2.10 (m, 2H), 1.78 (dtd, J=10.5,
6.9,3.3,1H),1.49-1.30 (m, 2H), 1.19-1.10 (m, 2H), 1.04-0.93
(m, 9H).

EXAMPLE 3A
Synthesis of (S)-[(S)-1-(7-morpholin-4-ylbenzo[d]-

1,2,3-triazin-4-yl)piperidin-3-yl|thiazol-2-ylmetha-
nol

NH

A\

N

O
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-continued

PyBop, DBU, MeCN
1t; E=59%

TBAF, THF
1t B = 60%

A solution of 258.6 mg (0.487 mmol) of benzotriazol-1-
yloxytripyrrolidinophosphonium hexafluorophosphate in 10
ml of acetonitrile was added dropwise at room temperature to
a suspension of 87 mg (0.375 mmol) of 7-morpholin-4-yl-
3H-benzo[d]-1,2,3-triazin-4-one and 40 ml of acetonitrile.
83.87 ul (0.562 mmol) of 1,8-diazabicylo[ 5.4.0]lundec-7-ene
were subsequently added, and the mixture was stirred for 45
minutes. A solution 0f220.15 mg (0.487 mmol) of (S)-3-[(S)-
(tert-butyldiphenylsilyanyloxy)thiazol-2-ylmethyl]|piperi-
dine in 8 ml of acetonitrile was added dropwise, and the
mixture was stirred at room temperature for 3 hours. The
crude mixture was evaporated, dissolved in ethyl acetate,
washed with sodium hydrogencarbonate and saturated
sodium chloride solution, and, after drying over sodium sul-
fate and filtration, the organic phase was evaporated. The
crude product was chromatographed over silica gel, giving
156 mg of 4-{(S)-3-[(S)-(tert-butyldiphenylsilyanyloxy)thia-
zol-2-yl-methyl]piperidin-1-y1}-7-morpholin-4-ylbenzo[d]-
1,2,3-triazine; HPLC/MS (M+H)*=651.

A solution 0f 491.2 mg (1.557 mmol) of tetra-n-butylam-
monium fluoride trihydrate in 7.5 ml of tetrahydrofuran was
added dropwise to a solution of 156 mg (0.222 mmol) of
4-{(S)-3-[(S)-(tert-butyldiphenylsilyanyloxy)thiazol-2-ylm-
ethyl]piperidin-1-y1}-7-morpholin-4-ylbenzo-[d]-1,2,3-tri-
azine in 7.5 ml of tetrahydrofuran, and the mixture was sub-
sequently stirred at room temperature for 2.5 hours. Water
was added to the reaction mixture, which was then extracted
with dichloromethane. The organic phase was dried over
sodium sulfate, filtered and evaporated. The crude product
was chromatographed over silica gel, giving 55.3 mg of (S)-
[(S)-1-(7-morpholin-4-ylbenzo[d]-1,2,3-triazin-4-yl)piperi-
din-3-yl]thiazol-2-ylmethanol; HPLC/MS (M+H)*=413; 'H
NMR (500 MHz, DMSO) 8 7.85 (t,J=5.0, 1H), 7.77-7.72 (m,
1H), 7.70-7.64 (m, 1H), 7.58-7.48 (m, 1H), 7.29 (t, J=4.1,
1H), 6.39 (d, I=5.4, 1H), 4.84-4.76 (m, 1H), 4.34 (d, J=13.0,
1H), 4.23 (d, J=13.0, 1H), 3.82-3.72 (m, 4H), 3.40 (dd,
J=15.0, 10.1, 4H), 3.13 (dtd, J=22.9, 12.8, 10.3, 2H), 2.30-
2.20 (m, 1H), 1.89-1.82 (m, 1H), 1.82-1.74 (m, 1H), 1.72-
1.61 (m, 1H), 1.61 (s, 1H).
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The biochemical activity of (S)-[(S)-1-(7-morpholin-4-yl-
benzo[d]-1,2,3-triazin-4-yl)piperidin-3-yl]thiazol-2-yl-
methanol was 1 nM (assay from Example 4), while the cel-
Iular activity was in the sub-micromolar region (assay from
Example 5).
Compounds prepared in accordance with Example 3A are

shown in Tables 1 (without pyridazine analogues No. 14-15)
and 2.

EXAMPLE 3B

Synthesis of (6-methoxypyridazin-3-yl)-[(S)-1-(7-
morpholin-4-ylbeno[d]-1,2,3-triazin-4-yl)piperidin-
3-yl]lmethanol

Né | \+
N/

0
|

ﬁ)\(j
o X N

~u

|
H

0
@
(\ N N

O

Step 1: Pyridin-3-ylacetonitrile (14.3 g, 0.119 mol) were
dissolved in dimethylformamide (300 ml) at 21° C. under a
nitrogen atmosphere. The solution was cooled to -4° C., and
sodium hydride (60% suspension in paraffin oil, 9.96 g, 0.249
mol) was added in portions. The resultant brown suspension
was stirred at 0° C. for 45 minutes, and 3-chloro-6-methoxy-
pyridazine (34.47 g, 0.231 mol) was subsequently added. The
mixture was heated to 70° C. and stirred for 3 hours. After
cooling, conventional work-up gave 18.6 g (68% yield) of
(6-methoxypyridazin-3-yl)pyridin-3-ylacetonitrile;

'"H NMR (400 MHz, DMSO) 8 8.71 (d, J=2.3, 1H), 8.61-
8.59 (m, 1H), 7.92-7.85 (m, 1H), 7.72 (d, J=9.2, 1H), 7.53-
7.44 (m, 1H), 7.30 (d, J=8.7, 1H), 6.20 (s, 1H), 4.07 (d,
J=11.8,3H).

Step 2: (6-Methoxypyridazin-3-yl)pyridin-3-ylacetonitrile
(7.7 g, 0.034 mol) were dissolved in acetonitrile (200 ml) at

10
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23° C. under a nitrogen atmosphere, and potassium tert-bu-
toxide (4.16 g, 0.037 mol) was added. The suspension was
stirred at 23° C. for 30 minutes, cooled to -4° C., and hydro-
gen peroxide (30% solution, 11.34 ml, 0.11 mol) was slowly
added dropwise. The reaction mixture was stirred at 0° C. for
a further 30 minutes and subsequently at room temperature
for 2 hours. Conventional work-up gave 3.46 g (48% yield) of
(6-methoxypyridazin-3-yl)pyrdin-3-ylmethanone;

'H NMR (400 MHz, DMSO) 8 9.16 (dd, J=2.2, 0.7, 1H),
8.83 (dd, J=4.8, 1.7, 1H), 8.45-8.36 (m, 1H), 8.21 (d, J=9.2,
1H), 7.61 (ddd, J=7.9, 4.8, 0.8, 1H), 7.47 (d, 9.2, 1H), 4.17
(s, 3H).

Step 3: (6-Methoxypyridazin-3-yl)pyrdin-3-ylmethanone
(1.31 g, 6.1 mmol) were dissolved in ethanol (100 ml), plati-
num(IV) oxide hydrate (80% of Pt, 0.5 g, 2.2 mmol) was

added, and the mixture was stirred with supply of hydrogen.
Conventional work-up gave 1.26 g (93% yield) of (6-meth-
oxypyridazin-3-yl)piperidin-3-ylmethanol as crude product,
which was employed directly in the next step;

MS (M+H)*"=224.

Step 4: (6-Methoxypyridazin-3-yl)piperidin-3-ylmethanol
(1.26 g, 5.64 mmol) were dissolved in dioxane (10 ml), and
sodium hydrogencarbonate (0.95 g, 11.29 mmol) in water (10
ml) was added. The mixture was stirred at room temperature
for 10 minutes, and di-tert-butyl dicarbonate (1.23 g, 6.64
mmol) was subsequently added. The mixture was stirred for a
further 1 hour and then subjected to conventional work-up,
giving 1.09 g (60% yield) of tert-butyl 3-[hydroxy-6-meth-
oxypyridazin-3-yl)methyl|piperidine-1-carboxylate;

MS (M+H)*"=324.
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Step 5: tert-butyl 3-[Hydroxy-6-methoxypyridazin-3-yl)
methyl|piperidine-1-carboxylate (1.46 g, 4.52 mol) were dis-
solved in dichloromethane (5 ml), and hydrogen chloride in
dioxane (4 N, 45 mmol) was added. The reaction mixture was
stirred at room temperature for 4 hours and subsequently
subjected to conventional work-up, giving 1.2 g (100% yield)
of (6-methoxypyridazin-3-yl)piperidin-3-ylmethanol hydro-
chloride;

MS (M+H)*=224.

Step 6: 7-Morpholin-4-ylnezo[d]-1,2,3-triazin-4-01 (325
mg, 1.4 mmol) were suspended in dimethylformamide (10
ml) at room temperature. Benzotriazol-1-yloxytris(pyrroli-
dino)phosphonium hexafluorophosphate (960 mg, 1.8 mmol)
and 1,8-diazabicyclo[5.4.0]undec-7ene (320 g, 2.1 mmol)
were subsequently added, and the mixture was stirred for 30
minutes. A solution of (6-methoxypyridazin-3-yl)piperidin-
3-ylmethanol hydrochloride (400 mg, 1.54 mmol) in dimeth-
ylformamide (5 ml) was then added dropwise, and the mix-
ture was stirred at room temperature for 18 hours.
Conventional work-up and chromatography gave (S)-(6-
methoxypyridazin-3-yl)-[(S)-1-(7-morpholin-4-ylbenzo[d]-
1,2,3-triazin-4-yl)piperidin-3-yl]-methanol (26 mg) and (R)-
(6-methoxypyridazin-3-y1)-[(S)-1-(7-morpholin-4-ylbenzo
[d]-1,2,3-triazin-4-y])piperidin-3-yl|methanol (40 mg);
analysis see Table 1.

Pyridazine analogues prepared in accordance with
Example 3B are shown in Tables 1 and 4.

EXAMPLE 4
DNA-PK/Biochemical Assay

The kinase assay was carried out in streptavidin-coated
348-well microtitre FlashPlates®. To this end, 1.5 ng of the
DNA-PK/protein complex and 100 ng of biotinylated sub-
strate, such as, for example, PESQEAFADLWKK biotin-
NH2 (“biotin-DNA-PK peptide”), in a total volume of 36.5 ul
(34.25 mM HEPES/KOH, 7.85 mM Tris-HCl, 68.5 mM KCl,
5 uMATP, 6.85 mM MgCl,, 0.5 mM EDTA, 0.14 mM EGTA,
0.69 mM DTT, pH 7.4), were incubated at room temperature
for 90 min with 500 ng of DNA from calf thymus, 0.1 uCi of
33P-ATP and 1.8% of DMSO per well with or without the test
compound. The reaction was stopped using 50 pl/well of 200
mM EDTA. After incubation for a further 30 min at room
temperature, the liquid was removed. Each well was washed
three times with 100 pl of 0.9% sodium chloride solution. A
non-specific reaction (blank value) was determined using 10
UM of a proprietary kinase inhibitor. The radioactivity mea-
surement was carried out by means of a TopCount. ICs,
values were calculated in RS1 (Kashishian et al. (2003)
Molecular Cancer Therapeutics 1257) and are compiled in
Table 1. These compounds preferably have an IC,, less than
0.1 puM, particularly preferably less than 0.02 uM. All com-
pounds from Tables 2, 3 and 4 exhibited an activity with ICs,
values less than 1 pM, preferably less than 0.1 pM, particu-
larly preferably less than 0.02 uM, very particularly prefer-
ably less than 0.01 pM.

EXAMPLE 5
Cellular DNA-PK Phosphorylation at Serine 2056

HCT116 cells were cultivated in MEM alpha medium with
10% of foetal calf serum, 1 mM sodium pyruvate and 2 mM
glutamine at 37° C. and 10% CO,. The cells were detached
from the base of the culture vessels with the aid of trypsine/
EDTA, centrifuged off in centrifuge tubes and taken up in
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fresh medium. The cell density was subsequently determined.
200,000 cells were sown per cavity of a 12-well cell culture
platein 1 ml of culture medium and cultivated overnight. Next
day, 10 uM bleomycin and test substances in fresh culture
medium was added to the cells and these were cultivated for
a further six hours. Cell lysis was subsequently carried out.
The cell lysates were investigated by SDS polyacrylamide gel
electrophoresis by means of DNA-PK-specific antibodies
(Abcam ab13852: total DNA-PK; ab18192: phosphoserine
2056 DNA-PK) and Western Blotting. The enzymatic reac-
tion was developed with the aid of a chemiluminescence
reagent. The chemiluminescence was recorded with the aid of
a documentation system (VersaDoc™, Bio-Rad, USA) and
evaluated densitometrically with the aid of instrument-spe-
cific software (Quantity One). The signals with phospho-
DNA-PK-specific antibodies were standardised to the signal
with the antibody against the total protein DNA-PK. ICs,
values and percentage inhibition data were determined by
referencing to the signal level of the bleomycin-treated
vehicle control group.

EXAMPLE 6
Cellular Colony Growth Test

The colorectal carcinoma cell line HCT116 was cultivated
in MEM alpha medium with 10% of foetal calf serum, 1 mM
sodium pyruvate and 2 mM glutamine at 37° C. and 10%
CO,. The cells were detached from the base of the culture
vessels with the aid of trypsine/EDTA, centrifuged off in
centrifuge tubes and taken up in fresh medium. The cell
density was subsequently determined. 300 cells were sown
out in 6-well cell culture plates in 2 ml of culture medium and
cultivated overnight. Next day, the cells were treated with test
substances for one hour before the cell culture plates were
treated with defined doses of X-rays (in general 0,2.4,4.8, 12
Gray; irradiation instrument: Faxitron RX-650; Faxitron
X-Ray LLC, USA). In order to determine the dose/effect
relationships, the cells were treated with various concentra-
tions of a test substance. After irradiation, the cells are culti-
vated for a further 24 hours in the presence of the test sub-
stance, the culture medium was then replaced with culture
medium without test substance, and the cells were cultivated
for a further 6-8 days. The cell colonies formed were subse-
quently stained with the aid of Crystal Violet and counted in
a colony counter (Gelcount, Oxford Optronics, UK). Dose/
effect curves, in particular IC,, values, were determined
using a curve adaptation function for nonlinear dose/effect
relationships. The compound of Example 12 exhibited an
1C,, value of less than 0.4 uM at 4.8 Gray.

EXAMPLE 7
Cellular CHK?2 Phosphorylation at Threonine 68

HCT116 cells were cultivated in MEM alpha medium with
10% of foetal calf serum, 1 mM sodium pyruvate and 2 mM
glutamine at 37° C. and 10% CO2. The cells were detached
from the base of the culture vessels with the aid of trypsine/
EDTA, centrifuged off in centrifuge tubes and taken up in
fresh medium. The cell density was subsequently determined.
50,000 cells were sown per cavity of a 96-well cell culture
plate in 0.1 ml of culture medium and cultivated overnight.
Next day, 10 uM bleomycin and test substances in fresh
culture medium were added to the cells and these were culti-
vated for a further six hours. After lysis of the cells, phospho-
threonine 68 of the CHK2 kinase was detected in the lysates
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with the aid of a phospho-CHK2 (Thr68)-specific ELISA
detection system (Catalogue No. 7037, Cell Signaling Tech-
nologies, USA). The ELISA colour reaction was measured
spectrophotometrically at 450 nm. The extinction of the
unstimulated controls (vehicle control without bleomycin)
was subtracted from the extinction values of the treatment
groups. The controls which were treated with bleomycin were
set equal to 100% and all other extinction values were set in
relation thereto. IC, values were determined with the aid of
the GraphPad Prism statistics program (GraphPad Software,
USA) or Assay Explorer (Symyx Technologies Inc., USA).

EXAMPLE 8
Pharmaceutical Compositions
EXAMPLE A
Injection Vials

A solution of 100 g of active compound according to the
invention and 5 g of disodium hydrogenphosphate in 3 1 of
bidistilled water was adjusted to pH 6.8 using 2 N hydrochlo-
ric acid, sterile-filtered, transferred into injection vials, lyo-
philised under sterile conditions and sealed under sterile con-
ditions. Each injection vial contained 5 mg of active
compound according to the invention.

EXAMPLE B
Suppositories

A mixture of 20 g of active compound according to the
invention with 100 g of soya lecithin and 1400 g of cocoa
butter was melted, poured into moulds and allowed to cool.
Each suppository contained 20 mg of active compound
according to the invention.

EXAMPLE C
Solution

A solution was prepared from 1 g of active compound
according to the invention, 9.38 g of NaH,PO,*2 H,0, 28.48
g ofNa,HPO,*12 H,0 and 0.1 g of benzalkonium chloride in
940 ml of bidistilled water. The pH was adjusted to 6.8, and
the solution was made up to 1 1 and sterilised by irradiation.
This solution could be used in the form of eye drops.

EXAMPLE D
Ointment

500 mg of active compound according to the invention
were mixed with 99.5 g of Vaseline under aseptic conditions.

EXAMPLE E
Tablets

A mixture of 1 kg of active compound according to the
invention, 4 kg of lactose, 1.2 kg of potato starch, 0.2 kg of
talc and 0.1 kg of magnesium stearate was pressed in a con-
ventional manner to give tablets in such a way that each tablet
contained 10 mg of active compound according to the inven-
tion.
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EXAMPLE F

Dragees

Tablets were pressed analogously to Example E and then
coated in a conventional manner with a coating of sucrose,
potato starch, talc, tragacanth and dye.

EXAMPLE G
Capsules

2 kg of active compound according to the invention were
introduced into hard gelatine capsules in a conventional man-
ner in such a way that each capsule contained 20 mg of active
compound according to the invention.

EXAMPLE H
Ampoules

A solution of 1 kg of active compound according to the
invention in 601of bidistilled water was sterile-filtered, trans-
ferred into ampoules, lyophilised under sterile conditions and
sealed under sterile conditions. Each ampoule contained 10
mg of active compound according to the invention.

EXAMPLE I
Inhalation Spray

14 g of active compound according to the invention were
dissolved in 10 1 of isotonic NaCl solution, and the solution
was transferred into standard commercial spray vessels with
pump mechanism. The solution could be sprayed into mouth
or nose. One spray shot (approx. 0.1 ml) corresponded to a
dose of approx. 0.14 mg.

The invention claimed is:
1. Compounds of formula (I)

@

L

l—

R X

L )m
N
)
N

Né

wherein

R' denotes Het' or Ar;

R?,R?, are each independently Y or OY, or together denote
—O—(CH,),—

each R* independently denotes A or (CH,),—OA;

L denotes —CR*R>*—, a single bond, —(CH,),—, —CH

(Hal)-, —C(Hal),-, —(CH,),CH(OY)—, —(CH,),
cO—, —(CH)NH-,  —(CH,),CONY,
~NYCO—, —NHCO NH, _NR*CO—,

—NYSO,—, —C(=NR*—, —C(=NCN)—, —CY
(NY;)—, —CY(CN)—, —CY(O—(CH,),CN)—,
—CY(Het?)- or —CY(O—(CH,) Het?)-;
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each Y independently denotes H or A;

each A independently denotes unbranched or branched
alkylhaving 1-10 C atoms, in which 1-7 H atoms may be
replaced by Hal;

each Cyc independently denotes cyclic alkyl having 3-7 C
atoms, in which 1-4 H atoms may be replaced by Hal;

each Ar independently denotes phenyl which is unsubsti-
tuted or mono- or disubstituted by Hal, (CH,),0Y, R*,
(CH,),0R* COOY, NY,, NYCOY and/or CN

each Het independently denotes mono- or bicyclic het-
eroaryl having 2-9 C atoms and 1-4 N, O and/or S atoms,
which may be unsubstituted or mono- or disubstituted
by Hal, (CH,),0Y, R?, (CH2) OR*, =0, COOY, NY,,
NYCOY, CONYz, Cyc, Het® and/or CN;

each Het” independently denotes a monocyclic saturated
heterocycle having 2-7 C atoms and 1-4 N, O and/or S
atoms, which may be unsubstituted or monosubstituted
by A;

each Hal independently denotes F, Cl, Bror I;

m denotes 0, 1 or 2; and

each n, p, independently denotes 0, 1, 2, 3, 4 or 5,

and/or physiologically acceptable salts, tautomers and/or
stereoisomers thereof, including mixtures thereof in all
ratios.

2. Compounds according to claim 1 wherein

R' denotes Het'.

3. Compounds according to claim 1 wherein

R?, R?, independently of one another, denote Y or OY.

4. Compounds according to claim 1 wherein

L denotes —CR*R>—

5. Compounds according to claim 1 wherein

Het' denotes mono- or bicyclic heteroaryl having 2-8 C
atoms and 1-3 N, O and/or S atoms, which may be
unsubstituted or mono- or disubstituted by Hal, (CH,)

,0Y, A and/or =0.
6. Compounds according to claim 1 of formula (IA)
L Ia)
R \O
N
)
N
(\N Né
s
wherein
R! denotes Het' or Ar;
R? denotes Y or OY;
R? denotes OY or A; or

R?, R? together denote —O—(CH,),—;

L denotes —CR?R*—;

each Y independently denotes H or A;

each A independently denotes unbranched or branched
alkyl having 1-6 C atoms, in which, 1-5 H atoms may be
replaced by Hal;

Ar denotes phenyl which is unsubstituted or mono- or
disubstituted by Hal and/or (CH,),0Y;

Het' denotes mono- or bicyclic heteroaryl having 2-8 C
atoms and 1-3 N, O and/or S atoms, which may be
unsubstituted or mono- or disubstituted by Hal, (CH,),
OY, A and/or —O;
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Hal denotes F, Cl, Bror I; and

n, p, independently of one another, denote 0, 1, 2, 3 or 4,

and/or physiologically acceptable salts, tautomers and/or
stereoisomers thereof, including mixtures thereof in all
ratios.

7. Compounds according to claim 1 of formula (IB)

)

Y OY
Het!
N
A
N
=
(\ N N -
o
wherein
Y denotes Hor A;

A denotes unbranched or branched alkyl having 1-6 C
atoms, in which 1-3 H atoms may be replaced by Hal;

Het" denotes heteroaryl which is unsubstituted or mono- or
disubstituted by Hal, (CH,),0Y, A and/or =0, selected
from the group:

o
P
\

\F

_n _| \—I\N
'\ s L/ Ly
4\\|\\;\\
I/ g I/ - I/ <
Y N\>_I\ N O N
A~ L~ A~
SIS

Hal denotes F, Cl, Bror I; and
p denotes 0, 1 or 2,

and/or physiologically acceptable salts, tautomers and/or
stereoisomers thereof, including mixtures thereof in all
ratios.



US 9,187,469 B2

73

8. Compounds according to claim 1, selected from the
group:

on
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S G
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-continued
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and/or physiologically acceptable salts, tautomers and/or
stereoisomers thereof, including mixtures thereof in all
ratios.

9. A pharmaceutical composition comprising an effective
amount of at least one compound according to claim 1 and/or
physiologically acceptable salts, tautomers and/or stereoiso-
mers thereof, including mixtures thereof in all ratios, together
with pharmaceutically tolerated assistants, in combination
with at least one anticancer agent.

#* #* #* #* #*



